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ABSTRACT 

“High-velocity features” (HVFs) are spectral features in Type la supernovae (SNe la) 
that have minima indicating significantly higher (by greater than about 6000 km s -1 ) 
velocities than typical “photospheric-velocity features” (PVFs). The PVFs are absorp¬ 
tion features with minima indicating typical photospheric (i.e., bulk ejecta) velocities 
(usually ~9000-15,000 km s -1 near R-band maximum brightness). In this work we 
undertake the most in-depth study of HVFs ever performed. The dataset used herein 
consists of 445 low-resolution optical and near-infrared (NIR) spectra (at epochs up 
to 5 d past maximum brightness) of 210 low-redshift SNe la that follow the “Phillips 
relation.” A series of Gaussian functions is fit to the data in order to characterise 
possible HVFs of Ca II H&K, Si II A6355, and the Ca II NIR triplet. The temporal 
evolution of the velocities and strengths of the PVFs and HVFs of these three spec¬ 
tral features is investigated, as are possible correlations with other SN la observables. 
We find that while HVFs of Ca II are regularly observed (except in under luminous 
SNe la, where they are never found), HVFs of Si II A6355 are significantly rarer, and 
they tend to exist at the earliest epochs and mostly in objects with large photospheric 
velocities. It is also shown that stronger HVFs of Si II A6355 are found in objects that 
lack C II absorption at early times and that have red ultraviolet/optical colours near 
maximum brightness. These results lead to a self-consistent connection between the 
presence and strength of HVFs of Si II A6355 and many other mutually correlated 
SN la observables, including photospheric velocity. 

Key words: methods: data analysis - techniques: spectroscopic - supernovae: general 


1 INTRODUCTION 

Observations of Type la supernovae (SNe la) led to the dis¬ 
covery of the accelerating expansion of the Universe (Riess 
et al. 1998; Perlmutter et al. 1999) and have been extremely 
useful as a way to accurately measure cosmological parame¬ 
ters (e.g., Suzuki et al. 2012; Betoule et al. 2014; Rest et al. 
2014). The cosmological utility of SNe la as precise distance 
indicators relies on the fact that their luminosity can be 
standardised. Phillips (1993) was the first to convincingly 
show that the light-curve decline rate of most SNe la is well 
correlated with luminosity at peak brightness, a connection 
now known as the “Phillips relation.” 

SNe la arise from the thermonuclear explosion of C/O 


white dwarfs (WDs; e.g., Hoyle & Fowler 1960; Colgate & 
McKee 1969; Nomoto et al. 1984; Nugent et al. 2011; Bloom 
et al. 2012), but beyond that basic statement, we still lack a 
detailed understanding of the progenitor systems and explo¬ 
sion mechanisms of SNe la (see Howell 2011 and Maoz et al. 
2014 for further information). In general, the two leading 
progenitor scenarios are the single-degenerate (SD) channel, 
when the WD accretes matter from a nondegenerate com¬ 
panion star (e.g., Whelan & Iben 1973), and the double¬ 
degenerate (DD) channel, which is the result of the merger 
of two WDs (e.g., Iben & Tutukov 1984; Webbink 1984). 

Detailed spectroscopic studies of large collections of 
low-redshift SNe la have been undertaken in the past (e.g., 
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Barbon et al. 1990; Branch & van den Bergh 1993; Nu¬ 
gent et al. 1995; Hatano et al. 2000; Folatelli 2004; Benetti 
et al. 2005; Bongard et al. 2006; Hachinger et al. 2006; 
Bronder et al. 2008; Foley et al. 2008; Branch et al. 2009; 
Wang et al. 2009a; Walker et al. 2011; Nordin et al. 2011; 
Blondin et al. 2011; Konishi et al. 2011; Foley & Kasen 
2011; Silverman et al. 2012), and have focused mainly on 
“photospheric-velocity features” (PVFs), which are absorp¬ 
tion features with minima indicating typical photospheric 
(i.e., bulk ejecta) velocities (usually ~9000-15,000 km s _1 
near B-band maximum brightness). These features are 
formed at the outer edge of the optically-thick portion of 
the ejecta; thus, most absorption features in the spectra 
of SNe la should be PVFs. However, some recent work 
has focused on carefully identifying and characterising so- 
called “high-velocity features” (HVFs), which are spectral 
features that have minima indicating significantly higher 
velocities than typical photospheric velocities (i.e., 6000- 
13,000 km s' 1 larger than PVFs, e.g., Mazzali et al. 2005; 
Maguire et al. 2012; Folatelli et al. 2013; Childress et al. 
2014; Maguire et al. 2014). 

In addition to these extensive samples, many studies of 
individual SNe la have presented evidence for HVFs (e.g., 
Hatano et al. 1999; Li et al. 2001; Gerardy et al. 2004; 
Thomas et al. 2004; Wang et al. 2009b; Foley et al. 2012b; 
Parrent et al. 2012; Silverman et al. 2012b; Childress et al. 
2013; Marion et al. 2013; Maund et al. 2013; Pereira et al. 
2013; Silverman et al. 2013) and have shown that they ap¬ 
pear strongest in early-time spectra and weaken with time 
(as the PVFs strengthen). Previous work has also shown 
that HVFs are most often seen in the Ca II H&K (here¬ 
after CaHK), Si II A6355, and Ca II NIR triplet (hereafter 
CaIR3) features, though they are sometimes also present in 
other features as well (e.g., Parrent et al. 2012; Marion et al. 
2013). Furthermore, the line-forming regions of the PVFs 
and HVFs appear to be physically distinct and substantially 
asymmetric, based in part on numerous spectropolarimetric 
observations (e.g., Leonard et al. 2005; Wang et al. 2003, 
2006; Chornock & Filippenko 2008; Patat et al. 2009; Maund 
et al. 2013). 

It has been suggested that the velocity of the CaHK 
feature is correlated with light-curve width (e.g., Maguire 
et al. 2012) and that HVFs are responsible for this relation¬ 
ship. However, Foley (2013) claims that Si II A3858 usually 
dominates the CaHK profile and is actually the cause of the 
observed correlation. Recently, Childress et al. (2014) ex¬ 
amined HVFs of CaIR3 in 58 low-redshift SNe la with spec¬ 
tra within 5 d of B-band maximum brightness and found 
that the existence and strength of HVFs is (positively) cor¬ 
related with light-curve width and uncorrelated with SN 
colour. They also find that the existence and strength of 
the CaIR3 HVFs are anticorrelated with Si II A6355 (pho¬ 
tospheric) velocity. These results are confirmed by Maguire 
et al. (2014), who studied a different dataset, consisting of 
258 low-redshift SNe la with spectra earlier than 5 d after 
maximum brightness. This study finds that ~80 per cent 
(60-70 per cent) of SNe la at epochs earlier than 5 d before 
(after) maximum show evidence for HVFs of CaIR3, and 
that these features have velocities that are ~7000 km s _1 
faster than the PVFs seen in the same spectra. 

Despite the recent interest in HVFs, an explanation of 
the physical origin of these features and how they might 


be related to SN la progenitors and their environments is 
still lacking. Interaction with circumstellar material (CSM) 
is one of the leading proposed causes of HVFs, which could 
arise from the SN ejecta sweeping up (or otherwise interact¬ 
ing with) a clumpy CSM, or a torus or shell of CSM (e.g., 
Kasen et al. 2003; Wang et al. 2003; Gerardy et al. 2004; 
Mazzali et al. 2005; Tanaka et al. 2006; Patat et al. 2009). 
Alternatively, HVFs could arise naturally from the SN la ex¬ 
plosion mechanism itself, such as from helium detonations in 
WD envelopes (e.g., Shen & Moore 2014). No matter what 
the origin of HVFs, it seems likely that an abundance or den¬ 
sity enhancement at high velocity (i.e., large radius in ho¬ 
mologously expanding SN la ejecta) must be present (e.g., 
Mazzali et al. 2005; Tanaka et al. 2008), though perhaps 
ionisation effects play a role as well (Blondin et al. 2013). 

In this work, we explore a large dataset of low-redshift 
(z < 0.1), low-resolution, optical and NIR SN la spectra 
observed earlier than 5 d before maximum brightness (de¬ 
scribed in Section 2), a subset of which was studied by 
Childress et al. (2014). In these data we carefully search 
for and measure the profiles of HVFs and PVFs of CaHK, 
Si II A6355, and CaIR3 (discussed in detail in Section 3). 
The temporal evolution of these features, and how their ve¬ 
locities and strengths correlate with each other and other 
observables, are described in Section 4. We summarise our 
conclusions in Section 5. 


2 DATASET 

The majority of the SN la spectra used in this study come 
from the Berkeley SN la Program (BSNIP) and have been 
published in BSNIP I (Silverman et al. 2012a). Most of these 
data were obtained with the Shane 3 m telescope at Lick 
Observatory using the Kast double spectrograph (Miller 
& Stone 1993). The typical wavelength coverage of 3300- 
10,400 A (with resolutions of ~11 and ~6 A on the red 
and blue sides, respectively) allows us to observe the CaHK 
and CaIR3 features simultaneously. All objects have z < 0.1 
with a median redshift of 0.02. 

We require that each SN la have a well-determined date 
of maximum brightness so that we can assign an age to each 
spectrum. In this work, we only investigate spectra obtained 
earlier than 5 d after maximum brightness. Note that this 
is a superset of what was studied by Childress et al. (2014), 
who only used BSNIP spectra within 5 d of maximum. We 
removed objects which do not follow the “Phillips relation” 
a priori, including the extremely peculiar SN 2000cx (e.g., 
Li et al. 2001), SNe lax (e.g., Li et al. 2003; Jha et al. 2006; 
Foley et al. 2013), and super-Chandrasekhar-mass objects 
(e.g., Howell et al. 2006; Scalzo et al. 2010; Silverman et al. 
2011). A handful of the remaining spectra had signal-to- 
noise ratios (S/N) that were too low to reliably measure any 
spectral features or did not cover the wavelengths any of the 
three features under investigation (CaHK, Si II A6355, and 
CaIR3). After all of these cuts, 226 spectra of 169 SNe la 
remained. 

To this sample, we added low-resolution optical spectra 
obtained using the Marcario Low-Resolution Spectrograph 
(LRS; Hill et al. 1998) on the 9.2 m Hobby-Eberly Telescope 
(HET) at McDonald Observatory and the Robert Stobie 
Spectrograph (RSS; Nordsieck et al. 2001) on the 11.1 m by 
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9.8 m Southern African Large Telescope (SALT), and low- 
resolution NIR spectra obtained using SpeX (Rayner et al. 
2003) on the NASA Infrared Telescope Facility (IRTF). Ap¬ 
plying the same cuts as for the BSNIP sample, this yielded 
128 spectra of 48 SNe la that covered at least the CaIR3 
feature. Most of these data are unpublished and will appear 
in upcoming works (e.g., Marion et al., in preparation), al¬ 
though a handful of these spectra have appeared in previous 
publications (e.g., Quimby et al. 2006; Marion et al. 2009; 
Parrent et al. 2011). There are 11 SNe la with spectra in 
both this sample and BSNIP. 

We also include in the current study 91 published spec¬ 
tra of 5 extremely well-observed SNe la: SNe 2009ig (Marion 
et al. 2013), 2011by 1 (Silverman et al. 2013), 2011fe (Vinko 
et al. 2012; Parrent et al. 2012), 2012cg (Silverman et al. 
2012b; Marion et al. 2012), and 2012fr (Childress et al. 2013; 
Zhang et al. 2014). This yields a total of 445 spectra of 210 
SNe la that we analyse herein. Table Al lists the names 
and phases of the spectra for each object. Note that all re¬ 
sults discussed in Section 4 are consistent with what is found 
when using just the BSNIP sample alone. Thus, adding the 
other spectra into the current study does not bias any of 
our findings, yet it adds statistical weight and significance 
to the results. 

To better characterise the objects in our sample, we at¬ 
tempt to classify each SN la using a variety of classification 
schemes. We consider an object “spectroscopically normal” 
if it is classified as “la-norm” by the SuperNova IDcntihca- 
tion code (SNID; Blondin & Tonry 2007) as implemented 
in BSNIP I (Silverman et al. 2012a). Other “SNID Types” 
used in this work include “Ia-91bg” (e.g., Filippenko et al. 
1992b; Leibundgut et al. 1993), which represent typically 
underluminous SNe la, and “Ia-91T” (e.g., Filippenko et al. 
1992a; Phillips et al. 1992) and “Ia-99aa” (e.g., Li et al. 
2001; Strolger et al. 2002; Garavini et al. 2004), which to¬ 
gether represent typically overluminous SNe la. 

Using the expansion velocity of the Si II A6355 feature, 
Wang et al. (2009a) classified spectroscopically “normal” 
SNe la within 5 d of maximum brightness as either “nor¬ 
mal velocity” (N) or “high velocity” (HV), with a velocity 
cutoff of 11,800 km s -1 at maximum brightness. While a 
sharp distinction between the two “Wang Types” may not 
exist (e.g., Silverman et al. 2012), we nonetheless utilise this 
classification scheme for illustrative purposes. Note that an 
individual SN la can be classified as N or HV, and each of 
its spectra may have PVFs, HVFs, or both. In other words, 
the Wang Type is used to classify a SN la, while the pres¬ 
ence or absence of PVFs and HVFs is determined for each 
spectrum. 

Another spectral classification scheme often used in 
SN la research was first introduced by Branch et al. (2006). 
Using the pseudo-equivalent widths (pEWs) of Si II A6355 
and Si II A5750 in spectra near maximum brightness, they 
divide their spectral sample into four different groups: core 
normal (CN), broad line (BL), cool (CL), and shallow sili¬ 
con (SS). This classification scheme is not used in the current 
work because it is effectively equivalent to a combination of 


1 Note that there are also spectra of SN 2011by in the aforemen¬ 
tioned HET/SALT/IRTF sample. 


SNID Types and Wang Types (CN = N, BL = HV, CL = 
Ia-91bg, SS = Ia-91T/99aa). 

Bcnetti et al. (2005) used the rate of decrease of the Si II 
A6355 expansion velocity before and near maximum bright¬ 
ness to define the velocity gradient, v. Adopting these val¬ 
ues, they separated their SN la sample into three subclasses, 
or “Bcnetti Types.” High velocity gradient (HVG) and low 
velocity gradient (LVG) objects are normal-luminosity or 
overluminous SNe la with v ^ 70 km s -1 d _1 and v < 
70 km s -1 d -1 , respectively. The third subclass (FAINT) 
have moderately large velocity gradients, but are underlumi¬ 
nous (Amis (73) > 1.6 mag). All three of the aforementioned 
classifications are listed for each object in Table Al. 

Photometric information was obtained from published 
sources, when available. This includes the date of 13-band 
maximum for each object, as well as light-curve width 
(characterised by Amis(13)) and (B — V) Q colour (the ob¬ 
served B — V colour of the SN at 13-band maximum bright¬ 
ness). For the BSNIP data, this information came from 
Jha et al. (2006), Hicken et al. (2009), and Ganeshalingam 
et al. (2010). Photometric information for the HET, SALT, 
and IRTF data were obtained from a variety of sources 
(Quimby et al. 2006; Ganeshalingam et al. 2010; Stritzinger 
et al. 2011; Maguire et al. 2012; Hicken et al. 2012; Silver- 
man et al. 2013). As for the five well-studied objects, their 
spectroscopic and photometric references are listed above. 
About two-thirds of the objects in this study have published 
Ami5(13) and (13 — V) 0 values, and these are also presented 
in Table Al. 


3 MEASUREMENT PROCEDURE 

The measurement procedure used in this study is imple¬ 
mented in IDL and based in part on the one utilised ex¬ 
tensively in BSNIP II (Silverman et al. 2012). It is briefly 
described by Silverman et al. (2013), but the description 
of our procedure herein is more in-depth. Each spectrum 
is first deredshifted (adopting the redshift listed in NED) 
and corrected for Milky Way (MW) reddening using values 
from Schlegel et al. (1998). Each of the three features mea¬ 
sured (CaHK, Si II A6355, and CaIR3) is then investigated 
individually. 

For each feature, a local minimum in the spectrum 
is found, and the first local, relatively broad maxima are 
recorded to the left and right of this minimum. Note that 
the local maximum to the right of the minimum often corre¬ 
sponds to the peak of the P-Cygni profile. A concave down¬ 
ward quadratic function is fit to these local maxima, and the 
peaks of these parabolas are considered the endpoints of the 
spectral feature. These endpoints were visually inspected for 
every feature measured, and in about one-third of cases one 
or both of the endpoints were clearly incorrect, either still 
within the feature profile or very far from it. In these cases, 
the endpoints were chosen manually. 

The two endpoints for each feature are then connected 
with a straight line, and this becomes the pseudo-continuum 
(black, dotted lines in Fig. 1). The continuum flux at each 
pixel is then subtracted from the observed flux, yielding the 
background-subtracted spectrum used in the procedure de¬ 
scribed below. This step is sometimes referred to as flatten¬ 
ing the spectra and was used previously in BSNIP II (Sil- 
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verman et al. 2012). One might instead divide the observed 
flux at each pixel by the continuum flux, though our tests 
indicate that this alternative approach does not significantly 
change the derived fit parameters; the values differ only at 
the few-percent level. 

For each feature, the local minimum is found (when fit¬ 
ting only one velocity component, either PVF or F1VF) or 
two separate local minima are found (when fitting two ve¬ 
locity components simultaneously, i.e., a PVF and F1VF). 
These minima are then used as initial estimates in a non¬ 
linear least-squares fitting routine that fits the entire profile 
between the two endpoints with either one or two veloc¬ 
ity components. Each component consists of one (for Si II 
A6355), two (for CaFIK, left column of Figure 1), or three 
(for CaIR3, right column of Figure 1) Gaussian functions 
and contains three free parameters. The relative separations 
of the Ca II lines come from their rest wavelengths, while 
their relative strengths come from their gf- weights 2 . We 
are thus operating in the optically thin limit, an assump¬ 
tion which has been shown in previous work using similar 
spectral feature fitting methods to not strongly affect the 
results (Childress et al. 2014; Maguire et al. 2014; Pan et al. 
2015). 

For CaIR3 and Si II A6355, two fits were attempted 
for each profile: a one-component fit (PVF or HVF) and 
a two-component fit (both F1VF and PVF). For CaHK, 
however, the possible presence of Si II A3858 (e.g., Foley 
2013) complicates matters. Thus, we attempt four fits for 
each CaHK profile: a one-component fit (PVF or HVF), a 
two-component fit (both HVF and PVF), a different two- 
component fit (PVF or HVF, but with a single component 
of Si II A3858 included), and a three-component fit (both 
HVF and PVF, but with a single component of Si II A3858 
included). Each fit is then visually inspected, and in extreme 
cases where the fits do not match the data well, the initial 
estimates of local minima are changed and the fit is redone. 
As mentioned above, some spectra, mostly ones with low 
S/N, did not yield any acceptable fit. 

While the relative separations and strengths of the spec¬ 
tral features are fixed as mentioned above, we do not impose 
any other constraints on the fit parameters. This differs from 
what was done by Maguire et al. (2014), who required that 
the CaIR3 PVF velocities be within 25 per cent of the Si II 
A6355 velocity and that the CaIR3 HVF velocities be at 
least 2000 km s -1 faster than the Si II A6355 velocity. 

To decide which combination of fit components best rep¬ 
resents the data, a variety of methods were used. All fits of 
a given spectral profile were visually inspected and the best 
fit was chosen via “x-by-eye.” This choice was then com¬ 
pared to the reduced-X ' 2 value and the Bayesian informa¬ 
tion criterion (BIC) value for each fit. In the vast majority 
of cases, all three methods agreed unanimously. In the few 
cases where there was serious disagreement, we erred on the 
side of trusting fits with fewer parameters. 

Once a best fit was chosen for each profile, the Gaus¬ 
sian fit parameters were used to calculate a velocity using 
the relativistic Doppler equation and a pEW (e.g., Garavini 
et al. 2007; Silverman et al. 2012) for each component of the 
fit. These values (and their uncertainties) for CaHK, Si II 
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A6355, and CaIR3 are listed in Tables A2, A3, A4, respec¬ 
tively. The formal uncertainty of the Gaussian fits indicates 
that the typical velocity error is ~60 km s -1 . The minima of 
the spectral fits, however, are only accurate to a few A, which 
implies a velocity uncertainty more like ~200-400 km s -1 . 
This measurement uncertainty increases for weaker features. 
A few examples of Ca II “best fits” are displayed in Figure 1. 

3.1 Ambiguous CaHK Fits 

As mentioned above, the CaHK feature overlaps with the 
Si II A3858 feature, which can affect the observed spectral 
profile (e.g., Foley 2013). This was seen in our data, as many 
spectra were fit equally well (in a reduced-x 2 sense) by both 
a HVF and a PVF of CaHK, and Si II A3858 and a PVF 
of CaHK. To break this degeneracy, we exploited the fact 
that the majority of the spectra studied herein include both 
the CaHK and CaIR3 features in the same observation. We 
assumed that if a spectrum showed a HVF of CaIR3 (based 
on the method outlined above), then it should also have a 
HVF of CaHK (and vice versa). In the two ambiguous cases 
where the spectra did not cover the CaIR3 feature, we found 
that the inferred Si II A3858 velocity was significantly larger 
than the Si II A6355 velocity in the same observations, and 
thus we identify those profiles as containing HVFs of CaHK 
(instead of Si II A3858). 

To test our assumption that a HVF of CaIR3 implies 
a HVF of CaHK, we temporarily changed all of our Si II 
A3858 identifications to HVFs of CaHK. This led to large 
differences in the velocities of the HVFs of CaHK and the 
HVFs of CaIR3 in the same spectrum (~5000 km s -1 , as op¬ 
posed to the more typical value of ~500 km s -1 ; see below). 
It also led to relatively small differences between the veloci¬ 
ties of the HVFs and PVFs of CaHK in the same spectrum 
(~5500 km s -1 , as opposed to the average of ~9000 km s -1 ; 
again, see below). Therefore, it seems that our identifications 
of Si II A3858 are correct. Furthermore, we also compare the 
velocity of Si II A3858 (when we detect it) with that of Si II 
A6355 in the same spectra and find the typical difference to 
be ~600 km s -1 , consistent with previous work on velocities 
of various Si II spectral features (e.g., Silverman et al. 2012). 

The opposite test to the one described above was also 
performed. Namely, we temporarily changed all of our HVFs 
of CaHK to Si II A3858. After doing this, the average Si II 
A3858 velocity was found to be ~15,000 km s -1 , and on aver¬ 
age about 2600 km s -1 faster than the Si II A6355 velocity 
in the same observation. Thus, these inferred Si II A3858 
velocities are too high to be real and so our HVF CaHK 
identifications appear to be correct. 

Another way to visualise this is shown in Figure 2. 
There we plot the velocity of Si II A6355 versus the veloc¬ 
ity of CaHK. The open points are PVFs of CaHK while the 
filled points are HVFs of CaHK, as determined using our 
method described above. The dotted line is the one-to-one 
line and shows that PVFs of CaHK are slightly faster than 
Si II A6355 at low Si II velocities and comparable at higher 
Si II velocities. The dashed line is the cutoff between HVFs 
and PVFs used by Foley (2013); the classifications from his 
study mostly match those in this work. Finally, the solid line 
represents Si II A3858 at the same velocity as Si II A6355, if 
our HVFs of CaHK were actually misidentified Si II. Thus, 
if a solid point fell directly on this line, the velocity of our 
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Figure 1. Fits to CaHK ( left column ) and CaIR3 ( right column) showing PVFs (red) and HVFs (blue, where required). Individual 
Gaussian components are short-dashed and their sum is solid. Also shown are the sum of the total fit (green), the data (black, solid), 
the linear continuum (black, dotted), and a SYNAPPS (Thomas et al. 2011) fit (purple, long-dashed). Si II A3858 is also required in the 
bottom-left fit (orange, solid). Each spectrum is labeled with its object name and age relative to 5-band maximum brightness. 
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Figure 2. The velocity of CaHK (top) and CaIR3 (bottom) versus 
the velocity of Si II A6355. Open points are PVFs of Ca II and 
filled points are HVFs of Ca II. Blue points are HV objects, red 
points are N objects, and black points are objects without a Wang 
Type. The dotted line is the one-to-one line; the dashed line is the 
cutoff between HVFs and PVFs used by Foley (2013). The solid 
line in the top panel represents Si II A3858 at the same velocity 
as Si II A6355, if our HVFs of CaHK were actually misidentified 
Si II. Since most of the filled points in the top panel lie above 
the solid line, it is unlikely that they are actually Si II A3858, 
and thus they are probably HVFs of CaHK, as our assumption 
implies. 


measured HVF of CaHK would match that of Si II A6355 if 
it were actually Si II A3858. 

The fact that most of the filled points lie above this line 
implies that our identification of HVFs of CaHK is correct 
and that if those features were actually Si II A3858, then 
their velocities would be significantly higher than that of 
Si II A6355 in the same spectra (as discussed above). Finally, 
we note that our inferred velocities of the HVFs of CaHK 
and CaIR3 are highly correlated, as are the velocities of the 
PVFs of CaHK and CaIR3 as well as the velocities of Si II 
A3858 and Si II A6355. This once again supports our spectral 
identifications. 


3.2 Ambiguous Si II A6355 Fits 

When applying the aforementioned fitting algorithm to the 
Si II A6355 feature, we discovered that a single Gaussian 
(plus linear background) fits most spectral profiles quite 
well. However, as has been seen previously (e.g., Silverman 
et al. 2012), the stronger Si II A6355 profiles appear non- 
Gaussian and look more Lorentzian in shape (though these 
are mostly at greater than 3 d past maximum brightness, 
well after HVFs of Si II A6355 usually disappear; e.g., Mar¬ 
ion et al. 2013). In addition, two Gaussian profiles (i.e., both 
a HVF and a PVF) fit nearly every observation very well, 
both via visual inspection as well as in a reduced-x 2 sense. 
Thus, to decide whether one or two components were present 
in a given profile, other factors must be considered. 

Some of the HVF+PVF fits to Si II A6355 had the 
difference in velocity between the two components less 
than 4500 km s _1 . This is significantly smaller than the 
smallest difference between Ca II HVFs and PVFs (i.e., 
~6000 km s _1 ; see Section 4.3) and our fitting algorithm 
is not capable of reliably distinguishing between two com¬ 
ponents that are so close to each other in velocity space (see 
Section 3.3.1). Thus, we are unable to say with confidence 
that two components are present and in these cases we prefer 
the one-component fit. Other HVF+PVF fits to Si II A6355 
indicated a velocity of the PVF of < 9000 km s _1 , which is 
never seen at these epochs in the “relatively normal” SNe la 
used herein (e.g., Silverman et al. 2012). Therefore, we re¬ 
gard these fits as unreliable as well, and we instead use the 
one-component fit for these data. 

After removing the unphysical two-component fits men¬ 
tioned above, we find that there are nearly no reliable two- 
component fits where the measured HVF velocity is less than 
16,500 km s" . Thus, our analysis indicates that HVFs of 
Si II A6355 always remain above ~ 16,500 km s _1 , consis¬ 
tent with previous work (e.g., Marion et al. 2013). Hence, 
we make the assumption that for a two-component (i.e., 
HVF+PVF) fit of Si II A6355 to be preferred over a one- 
component fit, the inferred HVF velocity must be larger 
than 16,500 km s _1 . 

Under this assumption, our measured PVF velocities of 
Si II A6355 are consistent with previous measurements of 
the same data (Silverman et al. 2012; Childress et al. 2014). 
Figure 3 shows this by plotting the Si II A6355 velocities 
for the 201 spectra in the current study (on the abscissa) 
that were also analysed in BSNIP II (Silverman et al. 2012, 
on the ordinate). Filled points represent spectra for which 
only one velocity component is detected in the current work. 
Pairs of open points connected with a horizontal line repre¬ 
sent spectra for which both a PVF and a HVF velocity are 
measured in this work, with the left endpoint representing 
the PVF and the right endpoint representing the HVF. The 
“x” along each line segment represents the pEW-weighted 
mean of the Si II A6355 PVF and HVF velocities for that 
spectrum. The dotted line is the one-to-one line. 

For velocities less than about 16,000 km s _ , only the 
PVF velocity was measured in BSNIP II, whether or not a 
HVF was actually present in the Si II A6355 profile. There 
are 11 spectra in which we detect two components herein 
that fall into this category, and all of them have relatively 
weak HVFs (which were simply missed by the fitting algo¬ 
rithm used in BSNIP II). For Si II A6355 velocities that are 
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Figure 3. Si II A6355 velocities for the 201 spectra in the current 
study (on the abscissa) that were also analysed in BSNIP II (Sil¬ 
verman et al. 2012, on the ordinate). Filled points are spectra with 
one velocity component. Open points connected with a horizontal 
line are spectra with two velocity components; the left endpoint 
is the PVF, the right endpoint is the HVF, and the “x” is the 
pEW-weighted mean of the Si II A6355 PVF and HVF velocities 
for that spectrum. The dotted line is the one-to-one line. 

greater than ~16,000 km s _1 , BSNIP II typically measured 
the pEW-weighted mean of the Si II A6355 PVF and HVF 
velocities. The 8 spectra which have both a HVF and PVF 
component that are in this category were mostly observed at 
early times when the PVF velocity was high and the pEW 
of the HVF was large. This likely caused the two compo¬ 
nents to be severely blended and thus the pEW-weighted 
mean of the two velocities was measured in BSNIP II. Fi¬ 
nally, when considering only spectra with one component, 
the BSNIP II velocities and those measured in the current 
work are consistent. 

3.3 Checks of the Fitting Procedure 

3.3.1 Synthetic Data 

To test the limits of our fitting algorithm, we constructed 
synthetic spectral profiles with a variety of Gaussian input 
parameters. The first test varied only the separation in ve¬ 
locity/wavelength space between the two components (i.e., 
HVFs and PVFs). We started with representative values of 
PVF and HVF velocities and widths from our fit to one of 
our relatively high-S/N spectra (SN 2002dj, t — —8 d). The 
velocity of the PVF was held constant at its value from the 
fit to the actual data (~ 14,600 km s _1 ), while the velocity 
of the HVF component was varied. Random noise was also 
added to the Gaussian functions to more closely resemble 
real data. 

The HVF velocities tested ranged from the original 
value from the fit to the data (~24,200 km s^ 1 ) down to 
~17,700 km s _1 , in steps of 500 km s _1 . This allowed us 
to create 13 synthetic spectra with velocity differences be¬ 
tween the HVF and PVF of 9600-3100 km s -1 . We then 
applied our spectral fitting algorithm as outlined above to 
these synthetic data. For all spectra with velocity separa¬ 


tions greater than or equal to 4500 km s _ , our fitting pro¬ 
cedure preferred a two-component profile, while spectra with 
separations in velocity below this value were better fit by a 
one-component CaIR3 profile. Thus, it seems that our fit¬ 
ting algorithm is able to “resolve” distinct PVF and HVF 
components when they are separated by greater than about 
4500 km s -1 . As we will show below, the smallest veloc¬ 
ity difference between HVFs and PVFs seen in our data 
is ~5000 km s -1 . Therefore, it seems unlikely that nature 
produces HVFs and PVFs with velocity separations of less 
than about 5000 km s -1 ; otherwise, our algorithm would 
probably have detected them. 

A similar test was performed by varying the depth of the 
HVF, while holding the depth of the PVF constant (along 
with the width and velocity of both components). The dif¬ 
ference in velocity between the HVF and PVF used in this 
test was ~ 9000 km s“ , which is typical for our dataset 
(see below). The depth of the HVF was varied such that we 
tested depth ratios (HVF depth divided by PVF depth) of 
1-0.05, in steps of 0.05. Two-component fits to the CaIR3 
profile (i.e., HVF+PVF) were preferred in spectra where 
the ratio of depths was greater than 0.1. Thus, if there is a 
HVF whose depth is less than about 10 per cent that of the 
PVF, or vice versa, we will likely be unable to detect it using 
our fitting algorithm. The smallest finite ratio between the 
strengths of HVFs and PVFs of Ca II that we measure in 
our data is about 0.12 (see below). Therefore, nature may 
produce HVFs that are so weak compared to their PVFs (or 
vice versa) that our algorithm cannot detect them. 

3.3.2 SYNAPPS Fits 

As another check to our spectral measurement technique, 
we use the spectrum-synthesis code SYNAPPS (Thomas et al. 
2011). SYNAPPS (and its modeling kernel SYN++) is derived 
from SYN0W (Fisher et al. 1997), which can compute spec¬ 
tra of SNe in the photospheric phase using the Sobolev ap¬ 
proximation (Sobolev 1960; Castor 1970; Jeffery 1989). By 
varying many parameters automatically and simultaneously, 
SYNAPPS can End an optimum fit to an input spectrum via 
^-minimisation. SYNAPPS assumes that spectral lines are 
formed via resonance scattering above a sharp photosphere. 
The location of this photosphere (in velocity space) is de¬ 
fined by the u p h parameter, and the ejecta are assumed to 
be in homologous expansion at a photospheric temperature 
defined by the T p hot parameter. 

For each input ion, the minimum and maximum veloc¬ 
ity of the line-forming region are defined by the u m i n and 
Umax parameters, respectively. In cases where u m in > v p h, 
the line-forming region is considered “detached” from the 
photosphere; by definition, this is the case for all HVFs. 
Each input ion also requires a value for the optical depth of 
a “reference line,” r re f (usually the strongest optical line), 
an e-folding velocity width of the optical-depth profile above 
the photosphere, v e , and an excitation temperature, T exc . 

SYNAPPS was used to fit 11 spectra that were chosen 
semirandomly to represent various CaHK and CaIR3 profile 
shapes (i.e., differing relative strengths of HVFs, PVFs, and 
Si II A3858). Each fit used ions that are typically found in 
SNe la (i.e., O I, Ca II, Mg II, Si II, S II, and Fe II); some fits 
also included Si III, Fe III, or Ti II. SYNAPPS was also allowed 
to include a “detached” version of Ca II, representing the 
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HVFs. Some of these fits can be seen in Figure 1 as the 
purple, long-dashed curves. 

In general, the SYNAPPS fits match well with our Gaus¬ 
sian fits to the data in that the spectral shapes agree, and 
when our fitting algorithm detects a HVF, it is also required 
in the SYNAPPS fit (and vice versa). Note that the SYNAPPS 
fits were not intended to perfectly match the entire spec¬ 
tral range covered by the data; they were used mainly to 
identify and disentangle the HVF and PVF components of 
the CaHK and CaIR3 features. The sum of the Gaussian fits 
used herein tend to reproduce the details of the profile better 
than the SYNAPPS fits, as the latter appear to be “smoothed 
out” and are unable to match the smaller-scale features in 
the data. 

Given the uncertainties of the measured velocities using 
our fitting algorithm and the degeneracy in the SYNAPPS 
fits between input velocity and r re f, the velocities derived 
using the two methods are consistent within ~2<r (i.e., ~ 
1200 km s -1 ). The largest disagreement in the velocities 
comes when the PVFs are weak. In these cases, there are 
large uncertainties in the SYNAPPS parameters, and one can 
change the value of r re f a small amount to force the velocity 
of the PVFs to match what is measured using our fitting 
algorithm. 

As for the measured strengths of the features as char¬ 
acterised by their pEWs, the SYNAPPS fits and the measure¬ 
ments from our fitting algorithm are roughly consistent, but 
not as close to each other as the velocities of the features. 
This is possibly caused by the uncertainty associated with 
the T re f parameter in the SYNAPPS fits. Furthermore, SYNAPPS 
indicates that the Si II A3858 feature is always present in the 
observations, but is only noticeably strong in spectra where 
our fitting algorithm required it to be included in the Gaus¬ 
sian fits. In conclusion, while both SYNAPPS and our spectral 
feature fitting algorithm have their distinct pros and cons, 
their general agreement (especially regarding the existence 
of HVFs) is encouraging. 

3.4 Comparisons to Previous Measurements 

Marion et al. (2013) present a detailed study of the well- 
observed Type la SN 2009ig, specifically focusing on HVFs 
of various ions in the pre- and near-maximum-brightness 
spectra. This study is one of the very few that seriously in¬ 
vestigates HVFs of Si II A6355 (as we also do in this work). 
To compare and contrast with SN 2009ig, they also discuss 
HVFs in a handful of other objects. To derive the veloci¬ 
ties, Marion et al. (2013) fit Gaussians to the cores of the 
features without removing the continuum. They inspect the 
positions of the derived minima visually and then calculate 
the velocity and uncertainty of HVFs and PVFs in CaHK, 
Si II A6355, and CaIR3. 

The dataset used herein includes 16 of their spectra of 
SN 2009ig, as well as 16 spectra of 9 other SNe la studied by 
Marion et al. (2013). For the 7 (27) spectra present in both 
samples that include the CaHK (CaIR3) feature, we find 
that both the HVF and PVF velocities are consistent at the 
2-3 ct level, with a nearly constant offset of ~1400 km s _1 
(~900 km s" ) between the two studies. Similar results are 
found for the Si II A6355 feature, where the average offset 
in the HVF velocity is ~1100 km s -1 (for 8 spectra) and 
in the PVF velocity is ~400 km s -1 (for 14 spectra). We 


detect about half the number of HVFs of Si II A6355 as 
Marion et al. (2013), likely owing to the different fitting 
algorithms employed in the two studies. Finally, we note 
that the offsets are such that the HVF velocities measured 
herein tend to be higher than those of Marion et al. (2013), 
while the PVF velocities tend to be lower, thus leading to 
the current study finding larger velocity differences between 
the two components. 

Childress et al. (2014), as mentioned above, studied 
HVFs of CaIR3 in a relatively large sample of SNe la spec¬ 
tra near maximum brightness, which represents a subset of 
the sample used herein. They used two Gaussians to fit each 
CaIR3 profile and assumed equal strength in each of the 
triplet components. Childress et al. (2014) also forced a min¬ 
imum velocity difference between the HVFs and the PVFs 
in a given spectrum of 2000 km s , and required that the 
velocity and width of the PVFs be within 10 per cent of 
those of the Si II A6355 feature in the same spectrum. As 
described in Section 3, our fitting algorithm does not impose 
such strict limits on the fit parameters. 

The measured Si II A6355 PVF (CaIR3 HVF and PVF) 
velocities of the 56 spectra that are in both datasets are con¬ 
sistent at the l-2cr level, with typical offsets of ~300 km s _1 
(~500 km s" ). These offsets are such that the velocities 
measured herein tend to be larger than those reported by 
Childress et al. (2014). They also measure pEWs for the Si II 
A6355 PVFs and the CaIR3 PVFs and HVFs. These values 
are consistent with what we measure at the 2-3cr level (off¬ 
sets of ~9 A), and once again our values tend to be larger 
than those of Childress et al. (2014). These relatively minor 
differences are likely caused by the assumption of optically 
thin (this work, see above) versus optically thick (Childress 
et al. 2014) spectral features. 


4 RESULTS & ANALYSIS 

4.1 The Existence of HVFs in CaHK and CaIR3 

Using the aforementioned algorithm, we calculate the pEW 
and expansion velocities of HVFs and PVFs for the CaHK 
and CaIR3 features; these are listed in Tables A2 and A4, 
respectively. For CaHK, we fit a total of 126 spectra of 84 
SNe la; 5 of these spectra have HVFs only, 12 have PVFs 
only, 79 have both HVFs and PVFs present, 15 have PVFs 
and a Si II A3858 feature, and 15 have both HVFs and PVFs, 
in addition to Si II A3858. On the other hand, we fit the 
CaIR3 feature in a total of 382 spectra of 192 SNe la; 16 of 
these spectra have HVFs only, 105 have PVFs only, and 261 
have both HVFs and PVFs present. 

There are eight SNe la in the sample that exhibit only 
HVFs in their earliest spectra; most of these observations are 
earlier than 7 d before maximum brightness. We have mul¬ 
tiple spectra of three of these objects, and all three eventu¬ 
ally develop PVFs. Childress et al. (2013) found evidence for 
HVFs, but not PVFs, in their earliest spectra of SN 2012fr, 
consistent with what is found herein using the same obser¬ 
vations. On the other hand, Marion et al. (2013) detected 
HVFs, but not PVFs, in early-time spectra of SN 2009ig, 
while we do detect PVFs (as well as HVFs) in the same 
data. Note that Maguire et al. (2014) found no spectra with 
only HVFs in their sample. 
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SN la spectra tend to evolve from having only HVFs 
(in ~4 per cent of cases), to having both HVFs and PVFs 
(in the majority of spectra, i.e., ~ 65-75 per cent), to 
having only PVFs (in ~ 20-30 per cent of the observa¬ 
tions). This generic picture of spectra changing with time 
(HVFs—»HVFs+PVFs—>PVFs) is consistent with what has 
been seen in previous work (e.g., Childress et al. 2013; Mar¬ 
ion et al. 2013). As mentioned above, spectra with only 
HVFs are seen almost exclusively at very early times. Spec¬ 
tra with only PVFs are seen as early as ~12 d before maxi¬ 
mum brightness and as late as 5 d past maximum (which are 
the oldest spectra included in the current study). Data that 
show both HVFs and PVFs simultaneously are observed at 
all epochs studied herein (—16 < t < 5 d), implying that 
there is evidence of some SNe la showing HVFs at epochs 
as late as 5 d past maximum brightness, though most HVFs 
are gone by about 5 d before maximum. 

When considering the entire dataset studied herein, we 
find that ~67 per cent of all objects show HVFs in at least 
one spectrum. This is almost exactly the same percentage 
that was found by Maguire et al. (2014). When looking at 
only early-time observations (t < —4 d), ~91 per cent of the 
objects show evidence of HVFs, which is consistent with, but 
slightly higher than, what was found previously (83 per cent, 
Maguire et al. 2014). 

Of the SNe la for which we fit the CaHK or CaIR3 
features, ~28 per cent of them are HV objects, consistent 
with the overall SN la population (e.g., Wang et al. 2009a; 
Silverman et al. 2012). Of the SNe la with a known Wang 
Type, 77 per cent (71 per cent) of HV objects show HVFs of 
CaHK (CaIR3), while 70 per cent (62 per cent) of N objects 
shows HVFs of CaHK (CaIR3). Similarly, (SNID Type) Ia- 
norm objects contain HVFs of CaHK 78 per cent of the time 
and HVFs of CaIR3 70 per cent of the time, and all 10 Ia- 
91T/99aa objects in our dataset show HVFs of Ca II. Given 
the number of SNe la in each category, these percentages are 
all mutually consistent. On the other hand, only 1 out of 17 
Ia-91bg objects show HVFs of Ca II. This significant dearth 
of HVFs in underluminous SNe la (i.e., Ia-91bg objects) has 
been noticed in previous work as well (Maguire et al. 2012; 
Childress et al. 2014; Maguire et al. 2014). 

The entire BSNIP dataset averages ~2 spectra per ob¬ 
ject (Silverman et al. 2012a), and since these data make up 
the bulk of the sample used herein, there are not many ob¬ 
jects for which we have multiple spectra. Thus, we are only 
able to determine a Benetti Type for a handful of the ob¬ 
jects studied in this work. For those SNe la with a Benetti 
Type, 62 per cent (72 per cent) of HVG objects show HVFs 
of CaHK (CaIR3), while 85 per cent (82 per cent) of LVG 
objects shows HVFs of CaHK (CaIR3). Only 1 of 8 SNe la 
with a Benetti Type of FAINT (i.e., underluminous objects) 
contained HVFs. These numbers are consistent with what 
was found above using Wang and SNID Types, given the as¬ 
sociation of HV/N/Ia-91bg objects with HVG/LVG/FAINT 
objects (e.g., Silverman et al. 2012). 

A possible bias leading to the above result is that we 
do not have any spectra of Ia-91bg (or FAINT) objects 
at epochs earlier than 3 days before maximum brightness. 
Thus, perhaps, Ia-91bg/FAINT objects have HVFs, but they 
disappear earlier than in other SN la subtypes. We reject 
this idea in part because at t — —3 d, about half of all 
SNe la show HVFs, and this is also the same epoch when 


HVFs and PVFs tend to be about equal in strength (see 
Section 4.2). Conversely, 6 of the 9 objects that show only 
PVFs at t < — 3 d are spectroscopically somewhat similar to 
SN 1991bg or have relatively narrow light curves and thus 
appear to be border cases between la-norm and Ia-91bg. The 
remaining 3 objects in this category all have their earliest 
spectra at t « —6 d, so HVFs could have been present at 
earlier times, but have faded by the time our spectra were 
obtained. 

We further investigate whether the apparent lack of 
HVFs in Ia-91bg/FAINT objects is an observational bias by 
determining the typical epoch at which HVFs “disappear.” 
This was done by taking each object with more than 1 spec¬ 
trum in our dataset and fitting a line to the strength of the 
HVF relative to the PVF (see Section 4.2) versus time in 
order to find the epoch at which the relative strength of the 
HVF drops below our detection threshold of 0.1 (see Sec¬ 
tion 3.3.1); we refer to this as the “epoch of disappearance.” 
This epoch is then compared to the light-curve width (i.e., 
Ami 5 (H)) in order to search for any relationship between 
peak luminosity and the epoch of disappearance. 

In the current sample, there were 26 SNe la with known 
Amis{B) values and for which we were able to determine an 
epoch of disappearance. The latter for these objects is about 
t = — 1 d to t = +0.5 d. When comparing the epoch of dis¬ 
appearance to Amis(B), we find a large amount of scatter. 
The epoch of disappearance may decrease with increasing 
Ami 5 (.B), but the slope of the linear fit is consistent with 
0. Using our best linear fit to the data, we find the epoch 
of disappearance to be about —1.0 d for Amis(B) values 
of 1.4-1.6 mag (e.g., Ganeshalingam et al. 2010, typical for 
Ia-91bg/underluminous objects). 

There are no objects classified as Ia-91bg in this work 
with spectra obtained earlier than 3 d before maximum 
brightness. However, according to the above analysis, Ia- 
91bg spectra obtained earlier than ~1 d before maximum 
should show HVFs. Thus, Ia-91bg objects (equivalently, 
Benetti FAINT objects or SNe la with narrow light curves) 
seem to never show HVFs, while all other SN la subtypes 
studied herein (HV, N, la-norm, Ia-91T/99aa, LVG, and 
HVG objects) always show HVFs (in spectra obtained earlier 
than ~6 d before maximum). Owing to there being relatively 
few Ia-91bg objects in our sample, however, there is a small 
possibility that they may have HVFs at epochs earlier than 
about 3 d before maximum, but these features would have 
to disappear even earlier than one would expect based on 
the rest of our dataset. 

4.2 Ca II pEWs 

The pEWs of CaHK and CaIR3 for both HVFs and PVFs 
are listed in Tables A2 and A4, respectively. The temporal 
evolution of these pEWs is displayed in Figure 4. Open sym¬ 
bols represent PVFs while filled symbols represent HVFs. 
Blue points are high-velocity (HV) objects, red points are 
normal-velocity (N) objects, and black points are objects 
for which we could not determine a Wang Type. Squares 
are la-norm objects, stars are Ia-91bg objects, triangles are 
Ia-91T/99aa objects, and circles are objects which do not 
have a SNID Type. 

At all epochs there is large scatter in the pEWs of 
HVFs and PVFs for both Ca II features. For t > — 9 d, 
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Figure 4. The CaHK (top) and CaIR3 (middle and bottom ) pEWs versus time. The bottom panel shows the median pEW in time bins 
of 3 d for objects that are classified as Ia-91bg, Ia-91T/99aa, HV, or N (shifted slightly from bin centre for clarity). The horizontal error 
bars represent the width of each bin while the vertical error bars are the median absolute deviation in each bin. Open symbols are PVFs; 
filled symbols are HVFs. Blue points are HV objects, red points are N objects, and black points are objects without a Wang Type. 
Squares are la-norm, stars are Ia-91bg, triangles are Ia-91T/99aa, and circles are objects without a SNID Type. There is large scatter in 
the pEWs of HVFs and PVFs for both Ca II features at all epochs, though the pEWs of HVFs (PVFs) tend to decrease (increase) with 
























































































































the pEWs of the HVFs tend to decrease with time while 
those of the PVFs tend to increase with time, as expected. 
One specific counterexample to this is SN 2009ig, which has 
stronger PVFs than HVFs at the very earliest times, but 
quickly evolves to have the HVFs dominate the profile (un¬ 
til t « —6 d; see also Marion et al. 2013). The typical epoch 
at which the strengths of the HVFs and PVFs of the Ca II 
features are equal is about 4 d before maximum brightness. 
That being said, individual SNe la achieve equal HVF and 
PVF strength at a range of epochs (—8 < t < 2 d), which 
matches what has been found previously (Marion et al. 
2013). 

HV objects tend to have strong HVFs at the earliest 
times, but they decrease in strength relatively quickly, lead¬ 
ing to somewhat weak HVFs in HV objects near maximum 
brightness. The latter part of this result has been seen pre¬ 
viously (Childress et al. 2014; Maguire et al. 2014), but at a 
much stronger level than what is found in the current study. 
We attribute this difference not only to the epochs studied 
(the previous works only used spectra within 5 d of maxi¬ 
mum brightness), but also to the fact that these prior studies 
contained too few HV objects (~13 per cent of their sample, 
versus 28 per cent herein; Childress et al. 2014; Maguire 
et al. 2014). This difference is discussed in more detail in 
Section 4.4. 

While Ia-91bg objects never show HVFs, they do ex¬ 
hibit some of the largest pEWs of PVFs. On the other hand, 
Ia-91T/99aa objects always show HVFs, but the pEWs of 
their PVFs and HVFs are some of the lowest values seen in 
Figure 4. These results have been found previously and are 
relatively unsurprising since strong (weak) absorption fea¬ 
tures are a defining characteristic of Ia-91bg (Ia-91T/99aa) 
objects (Silverman et al. 2012; Folatelli et al. 2013; Childress 
et al. 2014). 

To investigate the relative strength of HVFs to PVFs, 
Childress et al. (2014) defined Rhvf as the ratio of pEW of 
the HVF of CaIR3 to the pEW of the PVF of CaIR3. In this 
work, we define RcaHK and RcaiR 3 as the ratios of pEWs of 
the HVFs to the PVFs of CaHK and CaIR3, respectively. 
Note that spectra with only PVFs have a ratio of identically 
zero, while spectra with only HVFs have an undefined ratio. 
The values of RcaHK and f?caiR 3 are listed in Tables A2 and 
A4, respectively. 

The ratios found herein span a range of 0-20, though 
most are less than 4. This is much larger than what was 
measured by Childress et al. (2014), who do not find ra¬ 
tios larger than ~2. The difference is likely caused by the 
smaller epoch range studied in Childress et al. (2014); they 
only use spectra within 5 d of maximum. When consider¬ 
ing only spectra from these epochs in the current work, we 
find that most of the ratios are less than 2.5, with only 4 
spectra falling above this value. Thus, our 7?caiR3 values are 
consistent with those in Childress et al. (2014). While one 
might expect -RcaHK to be correlated with I?CaiR3, we find 
that this is not true. One explanation is that the CaHK 
and CaIR3 absorption strengths depend on temperature in 
different ways and the material that is responsible for the 
HVFs is likely at a different temperature than the photo- 
spheric material (e.g., Childress et al. 2014). In addition, 
the values of RcaHK might be skewed slightly by the pres¬ 
ence of weak Si II A3858 absorption, though we find that this 
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is likely a relatively small contamination (see Section 4.5 for 
more). 

4.3 Ca II Velocities 

The expansion velocities of HVFs and PVFs for the CaHK 
and CaIR3 features are listed in Tables A2 and A4, respec¬ 
tively. Figure 5 shows the temporal evolution of the CaHK 
(top) and CaIR3 (bottom) velocities. Colours and shapes 
of data points are the same as in Figure 4; measurement 
uncertainties are comparable to the size of the data points. 
The black dashed line represents the best-fitting natural ex¬ 
ponential function to all of the PVF velocities, while the 
blue and red dashed lines use only HV and N objects, re¬ 
spectively. Similarly the black dotted line is the best-fitting 
natural exponential function to all of the HVF velocities, 
and the blue and red dotted lines use only HV and N ob¬ 
jects, respectively. 

For any given object, all of the measured velocities tend 
to decrease with time, as expected and as seen in previ¬ 
ous work (e.g., Silverman et al. 2012). Furthermore, in a 
given spectrum, the difference in velocity between the CaHK 
and CaIR3 features (for both PVFs and HVFs) is typically 
~500 km s -1 . The exponential fits in Figure 5 show that 
in general, for both Ca II features, the HVFs (dotted lines) 
and PVFs (dashed lines) of HV objects start out with higher 
velocities than the N objects, and their velocities decrease 
more quickly with time. Consequently, the HV and N objects 
have similar HVF and PVF velocities near maximum bright¬ 
ness. This may not be surprising (i.e., that HV objects have 
higher velocities), but we note that the Wang Type classifi¬ 
cation is based on the near-maximum-brightness velocity of 
Si II A6355, and not the Ca II features. 

Furthermore, we find that la-norm and Ia-91bg objects 
have consistent PVF velocities (recall that only a single 
Ia-91bg object shows a HVF), while Ia-91T/99aa objects 
have significantly lower HVF and PVF velocities. The Ia- 
91T/99aa objects also show a much slower decrease in their 
velocities with time, so once again the velocities become con¬ 
sistent with the rest of the sample by maximum brightness. 
As for the Benetti Types, HVG objects tend to start with 
higher velocities and decrease their velocities more quickly, 
as compared to LVG objects, consistent with the behaviour 
of the Wang HV and N objects above. 

These results are somewhat different than what was 
seen in the early-time Ca II velocities reported in BSNIP II 
(Silverman et al. 2012), but the studies are consistent for 
data closer to maximum brightness. This is likely due to 
strong HVFs of Ca II in early-time spectra being blended 
with PVFs and biasing the measurements in BSNIP II. The 
velocities presented herein more accurately reflect the actual 
spectral profiles and expansion velocities present in the data 
since we carefully take into account the (possible) presence 
of HVFs in each observation. 

In order to show how the velocities of a few individ¬ 
ual objects evolve with time, in Figure 6 we plot a subset 
of the data displayed in the bottom panel of Figure 5. Fig¬ 
ure 6 shows only CaIR3 velocities of objects for which we 
have more than seven spectra. 3 All of the PVF (HVF) ve- 

3 


SN 2009ig is the only object in our dataset with more than 
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Figure 5. The CaHK (top) and CaIR3 ( bottom ) velocities versus time. Colours and shapes of data points are the same as in Figure 4. 
Measurement uncertainties are comparable to the size of the data points. The black, blue, and red dashed lines are natural exponential 
function fits to PVF velocities of all objects, HV objects only, and N objects only, respectively. The black, blue, and red dotted lines 
are natural exponential function fits to HVF velocities of all objects, HV objects only, and N objects only, respectively. Note the gap 
between the HVF and PVF points, especially for t > — 5 d; this minimum difference between HVF and PVF velocities appears to be real 
and not merely a measurement artifact. 





High-Velocity Features in SNe la 13 


locities of a given object are connected with a dashed (solid) 
line. This sample of eight objects includes the five extremely 
well-observed SNe la mentioned above (SNe 2009ig, 201 lby, 
2011fe, 2012cg—the lone Ia-91T/99aa object in the Figure, 
and 2012fr), in addition to SNe 2006X, 2010kg, and 2011ao. 
The above conclusions for the entire sample appear to also 
hold for this subset. Namely, HV objects tend to have faster 
HVFs and PVFs and their velocities decrease more quickly 
with time than N objects. 

In both panels of Figure 5 and in Figure 6, there is a 
noticeable gap between the HVF and PVF points, especially 
f° r t > — 5 d. We further investigate this gap by calculating 
the difference in velocity between the HVFs and PVFs in a 
given spectrum for all observations where both components 
are observed. The temporal evolution of this separation for 
CaHK (CaIR3) is shown in top (bottom) panel of Figure 7. 

Both Ca II features, in all subtypes, show a large range 
of values for the velocity separation at all epochs, but the 
difference tends to decrease with time. In fact, a linear fit 
to the data indicates a decrease at the 4cr level (7<r level) 
for CaHK (CaIR3) from ~11,000 km s -1 to ~8000 km s^ 1 . 
The typical velocity separation for both Ca II features is 
~9000 km s"\ slightly higher than the 7000 km s -1 value 
found by Maguire et al. (2014), and all of the SN la subtypes 
studied herein have consistent typical velocity differences. 
No velocity differences are detected in the present study less 
than 5000 km s -1 , consistent with Marion et al. (2013). In 
fact, the vast majority of the velocity differences are greater 
than 6000 km s -1 , significantly larger than the minimum 
separation that our fitting algorithm is able to “resolve” 
(see Section 3.3.1). Thus, the gaps between the HVFs and 
PVFs in Figures 5 and 6 appear to be real. 

While Figure 7 plots the velocity difference between 
HVFs and PVFs in a given spectrum, we also investigated 
the velocity separations for a given object at all epochs. To 
do this, each object’s maximum PVF velocity, usually from 
the earliest spectrum of the object in question, was com¬ 
pared to its minimum HVF velocity (usually from the latest 
spectrum of the object in question). The vast majority of 
objects, ~96 per cent, have all of their HVF velocities larger 
than all of their PVF velocities (i.e., the minimum HVF 
velocity is larger than the maximum PVF velocity). 

In contrast, there are five objects with a measured PVF 
velocity that is larger than the lowest HVF velocity. Four of 
these objects (SNe 2002bo, 2006X, 2009ig, and 2010kg) show 
some of the fastest photospheric velocities ever observed in 
SNe la (e.g., Benetti et al. 2004; Wang et al. 2008; Marion 
et al. 2013; Silverman et al., in preparation, respectively) 
and are thus all classified as HV objects. There are many 
other HV objects in the current sample, however, that do 
not show a PVF velocity larger than their lowest HVF ve¬ 
locity. Perhaps this is caused by the fact that we do not 
have sufficiently early spectra for these other HV objects 
to show such a fast PVF. The fifth object in this category 
is SN 2011fe, which was spectroscopically observed at ex¬ 
tremely early epochs (e.g., Parrent et al. 2012). It is inter¬ 
esting to note that all hve of these objects also show evidence 
for a HVF of Si II A6355 in their earliest epochs. Although, 


seven spectra where we are able to fit CaHK. Thus, we did not 
make a plot corresponding to Figure 6 for CaHK. 



Rest-Frame Days Relative to Maximum 



Rest-Frame Days Relative to Maximum 


Figure 7. The temporal evolution of the difference in velocity 
between HVFs and PVFs of CaHK (top) and CaIR3 (bottom). 
Colours and shapes of data points are the same as in Figure 4. 
Note that three of these objects have early-time PVFs with higher 
velocities than their later-time HVFs. 


once again, a handful of other objects show HVFs of Si II 
A6355 but do not have any PVF velocities that are larger 
than their lowest HVF velocity (see Section 4.6). 


4.4 HVFs of Ca II Compared to Other 
Observables 

In order to connect our analysis of HVFs to possible SN la 
progenitors and environments, we compare the absolute 
strengths (pEWs), relative strengths (RcaHK and i?caiR 3 ), 
and velocities measured herein to other observables. Using 
the photometric information discussed at the end of Sec¬ 
tion 2, we find no correlation between (B — V) 0 and the 
pEWs of the HVFs or the PVFs of CaHK and CaIR3 at any 
epoch. The latter was also seen by Childress et al. (2014) 
for their low-reddening (—0.15 < (B — V) 0 < 0.15 mag), 
near maximum-brightness (within 5 d of maximum) sample. 
There is also no significant correlation between (B — V) 0 































14 


Silverman, et al. 



-15 -10 -5 0 5 

Rest-Frame Days Relative to Maximum 


Figure 6. The CaIR3 velocities versus time for the eight SNe la for which we have more than seven spectra (see main text for the list 
of objects). All PVF (HVF) velocities of a given object are connected with a dashed (solid) line. Colours and shapes of data points are 
the same as in Figure 4. Measurement uncertainties are comparable to the size of the data points. 


and .RcaHK or -RcaiR .3 at any epoch, again consistent with 
Childress et al. (2014). 

The so-called “Phillips relation” correlates the light- 
curve decline rate of SNe la with their luminosity at peak 
brightness (Phillips 1993). Faster-declining SNe la tend to 
be underluminous and are also often spectroscopically Ia- 
91bg objects. In contrast, slow-declining objects are usu¬ 
ally overluminous and are of the Ia-91T/99aa subtype. Fig¬ 
ure 8 compares -RcaHK (top) and 7?caiR3 (bottom) to the 
light-curve decline rate, characterised by the Amis(B) pa¬ 
rameter. For objects with multiple spectra, the median R 
value for a given object is plotted in the figure. 4 The dashed 
vertical line at Amis(B) = 1.6 mag represents a typical 
cutoff between normal-declining and fast-declining objects 
(e.g., Ganeshalingam et al. 2010). The dotted vertical line 
at Amis (13) = 1.4 mag is a more conservative fast-declining 
cutoff. The horizontal dashed line at R = 1 represents where 
the pEWs of the HVFs and the PVFs are equal. 

Both RcaHK and RcaiR 3 possibly show an overall de¬ 
crease with Amis(B), though the range of observed R val¬ 
ues definitely decreases at higher values of Amis (13). The 
overluminous and normal luminosity objects (Amis(B) < 
1.6 mag) exhibit a wide range of R values, from identically 


4 Here, and elsewhere, when using the median R value, we note 
that the results are unchanged when we instead use the mean 
R value or the R value from the earliest, latest, or closest-to- 
maximum brightness spectrum in our sample. 


0 (i.e., no HVFs) to ~7. On the other hand, the underlumi¬ 
nous SNe la (Amis(-B) > 1.6 mag) almost all have R values 
that are 0, and the very few that are nonzero are all less than 

I. A Kolmogorov-Smirnov (KS) test indicates that -RcaHK 
and f?caiR 3 values for normal and slow-declining objects are 
statistically different than those of the fast-declining objects 
(p = 0.007 and p = 10 -5 for CaHK and CaIR3, respec¬ 
tively) . 

These results still hold true even if the “fast-declining 
cutoff” is more conservative (Amis(.B) = 1.4 mag), with KS 
tests indicating significant differences in -RcaHK and J?caiR 3 
values above and below this cutoff (p = 10 -5 and p = 5 x 
10 —8 , respectively). This is consistent with what was seen in 
Section 4.1 when SNID Type was used instead of light-curve 
decline rate (i.e., Ia-91bg objects often show fast-declining 
light curves). Furthermore, the results presented here match 
those of Maguire et al. (2012), Childress et al. (2014), and 
Maguire et al. (2014). 

Figure 9 displays the PVF velocity of Si II A6355 versus 
I?CaiR3 for spectra obtained earlier than 5 d before maxi¬ 
mum brightness (top) and later than 5 d before maximum 
(bottom); a similar plot using -RcaHK is not shown but is 
qualitatively similar, though with fewer data points. Once 
again, the median values of both J?caiR 3 and Si II A6355 
velocity for a given object are used for SNe la with multi¬ 
ple spectra in each epoch range. The dashed vertical line at 

II, 800 km s' 1 in each panel represents the cutoff between 
N and HV objects while the horizontal dashed line at R = 1 
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Figure 8. i?CaHK (top) and i?CaiR 3 ( bottom ) versus light-curve decline rate ( Ami 5 (B )). The median R value of a given object is used 
for objects with multiple spectra. The dashed vertical line is a typical cutoff between normal- and fast-declining objects; the dotted 
vertical line is a more conservative cutoff. The horizontal dashed line is where the pEWs of the HVFs and PVFs are equal. Colours and 
shapes of data points are the same as in Figure 4. 
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Figure 9. i?CaiR 3 versus Si II A6355 (PVF) velocity for spectra obtained earlier than 5 d before maximum brightness (top) and later 
than 5 d before maximum (bottom). The median R value and velocity of a given SN la are used for objects with multiple spectra in each 
epoch range. The dashed vertical line in each panel are the cutoffs between N and HV objects. The horizontal dashed line in each panel 
are where the pEWs of the HVFs and PVFs are equal. Colours and shapes of data points are the same as in Figure 4. 
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represents where the pEWs of the HVFs and the PVFs are 
equal. 

Aside from the Ia-91bg objects (i.e., the stars in Fig¬ 
ure 9), which we have shown almost never contain HVFs, 
there is a large range of 7?caiR3 values at all Si II A6355 
velocities in both age ranges. Thus, we find no correlation 
between these two parameters and no significant difference 
in f?caiR 3 (or -RcaHK) values for N versus HV objects. This is 
inconsistent with Childress et al. (2014) and Maguire et al. 
(2014), both of which find that HV objects do not show 
HVFs. On the contrary, we find many HV objects with rela¬ 
tively strong HVFs at all epochs, represented by blue points 
in the upper-right quadrants of the panels in Figure 9. Com¬ 
pare this to the bottom panel of Figure 5 in Childress et al. 
(2014) and the left panel of Figure 6 in Maguire et al. (2014), 
both of which lack objects in the upper-right quadrant. 

Our results are unchanged even if we restrict our sample 
only to spectra within 5 d of maximum brightness (top panel 
of Figure 9), in order to match the epochs studied in the 
two aforementioned works. Thus, this discrepancy is likely 
caused by the fact that Childress et al. (2014) and Maguire 
et al. (2014) have too few HV objects in their datasets. As 
mentioned in Section 4.1, ~28 per cent of the objects stud¬ 
ied herein are HV objects, which matches the overall SN la 
population (e.g., Wang et al. 2009a; Silverman et al. 2012). 
On the other hand, only ~13 per cent of the objects stud¬ 
ied by Childress et al. (2014) and Maguire et al. (2014) were 
HV. This difference in sample demographics likely led to the 
inconsistency discussed above. 

Many other SN la observables were compared to -RcaHK 
and f?caiR3, but almost none showed any significant correla¬ 
tion. For completeness, we list here the parameters investi¬ 
gated. Some normal SNe la are found to exhibit C II absorp¬ 
tion features in their early-time spectra (e.g., Parrent et al. 
2011; Thomas et al. 2011; Folatelli et al. 2012; Silverman & 
Filippenko 2012). This C is likely unburned fuel from the 
progenitor WD. No difference in f?caHK (RcaiR 3 ) is found 
for objects with or without C II absorption features when 
investigating 107 (252) spectra, consistent with what was 
found by Maguire et al. (2014). 

Narrow Na I D absorption features have been found to 
be preferentially blueshifted (relative to the host galaxy’s 
rest frame) in SNe la (e.g., Sternberg et al. 2011; Foley 
et al. 2012a; Maguire et al. 2013). When using 40 spectra 
that have the shift of these features measured, we find no 
difference in R values of objects with blueshifted versus red- 
shifted Na I D lines. The rise time of a SN la light curve is 
usually calculated by extrapolating early-time photometry 
backward in time to a flux of zero. Using rise times of 74 
objects published by Ganeslialingam et al. (2011), we find 
no correlation with RcaHK or RcaiR 3 - 

Concentrating now on late-time spectra of SNe la, we 
compare the R values calculated herein to nebular veloci¬ 
ties — that is, the average of the [Fe II] A7155 and [Ni II] 
A7378 velocities (Maeda et al. 2010). The nebular velocity 
has been found to correlate with the velocity gradient near 
maximum brightness, as well as the near-maximum ejecta 
velocity (i.e., PVF velocity) (e.g., Maeda et al. 2010; Sil¬ 
verman et al. 2013), neither of which were seen to correlate 
with the strengths of HVFs in the current work. Thus, it is 
unsurprising that the nebular velocity is unrelated to -RcaHK 
and i?caiR 3 for 22 and 47 spectra, respectively. 


On the other hand, the full-width at half-maximum in¬ 
tensity (FWHM) of the [Fe III] A4701 feature, which is de¬ 
tected in many SN la nebular spectra, is somewhat corre¬ 
lated with -RcaHK and 7?caiR3 (Pearson r value of M).6). This 
is consistent with previous work which found the FWHM of 
this feature to be anticorrelated with Amis(B) (e.g., Silver- 
man et al. 2013), and we have shown above that -RcaHK and 
7?CaiR3 are also anticorrelated with Amis(H). 

For 242 spectra, we compared -RcaHK and 7?caiR3 to 
host-galaxy type, as listed in NED. SNe la in E/S0 hosts are 
found to have significantly lower R values than those found 
in Sa/Sb/Sc/Sd/Irr hosts. We note that this result was also 
seen by Pan et al. (2015). There is a well-established con¬ 
nection between early-type hosts and underluminous SNe la, 
and late-type hosts and normal/overluminous SNe la (e.g., 
Hamuy et al. 1995; Sullivan et al. 2006; Pan et al. 2014), so 
this finding is completely consistent with the aforementioned 
result that underluminous, Ia-91bg objects show relatively 
weak (or nonexistent) HVFs. 

We searched for correlations between the SN la observ¬ 
ables mentioned above and the velocities of the Ca II HVFs 
and PVFs, but found no significant results. Our analysis in¬ 
dicates that Ca II velocities (both the HVFs and PVFs) are 
uncorrelated with ( B — V) Q , Am\${B), the presence or ab¬ 
sence of C II absorption, the relative Doppler shift of narrow 
Na I D absorption, light-curve rise time, nebular velocity, 
FWHM of [Fe III] A4701, and host-galaxy type. 

4.5 Si II A3858 

The Si II A3858 absorption feature has been discussed in 
multiple sections above, but here we summarise our results 
regarding it. Foley (2013) claim that Si II A3858 usually 
dominates the CaHK profile, but the findings of both Chil¬ 
dress et al. (2014) and Maguire et al. (2014) are inconsistent 
with this conclusion. We agree with the latter two works, as 
outlined below. As discussed in Section 3.1, the only extra 
assumption we made in order to determine whether Si II 
A3858 was present in a given spectrum was as follows: if a 
spectrum showed a HVF of CaIR3, then it should also have 
a HVF of CaHK, and vice versa. This broke the degener¬ 
acy between Si II A3858 (PVF) absorption and CaHK HVF 
absorption. 

We tested this assumption by supposing Si II A3858 
was never present. This led to velocity differences between 
HVFs of CaHK and CaIR3 of ~5000 km s” 1 (instead of 
the more typical value of ~500 km s“ ) and velocity dif¬ 
ferences between CaHK HVFs and PVFs of ~5500 km s -1 
(as opposed to the median value of ~9000 km s -1 ). The 
assumption was further investigated by assuming that Si II 
A3858 was always present (instead of HVFs of CaHK). This 
again yielded inconsistent results, namely the Si II A3858 
velocities were ~2600 km s -1 faster than the Si II A6355 ve¬ 
locities in a given spectrum (compared to the more typical 
value of ~600 km s _ , e.g., Silverman et al. 2012). Note that 
this was previously shown graphically in Figure 2. Thus, our 
assumption seems to be valid. 

Si II A3858 is detected in the CaHK profile in ~ 
24 per cent (30/126) of the spectra fit, and half of these 
also show evidence for a HVF of CaHK. These spectra rep¬ 
resent ~27 per cent (23/84) of the SNe la in the current 
dataset. When Si II A3858 is detected, its pEW is ~70 A 



18 Silverman, et al. 


smaller than that of Si II A6355 in the same spectrum, which 
represents a factor of ~6 (see Section 4.7). This difference 
in strength is larger than expected given typical SN la pho- 
tospheric temperatures and the ^/-weights of the two Si II 
lines. 5 While weak absorption from Si II A3858 may actually 
be present in a higher percentage of the data, our fitting al¬ 
gorithm is unable to detect such a feature. Furthermore, no 
evidence of a HVF of Si II A3858 is detected in any of the 
observations. 

Figure 10 shows the temporal evolution of the veloc¬ 
ity of the Si II A3858 absorption feature (using the same 
epoch range as previous temporal evolution figures in this 
work, and adopting the same data-point colours and shapes 
as in Figure 4). The Si II A3858 feature is detected mostly at 
epochs later than 8 d before maximum brightness (there is 
one detection at t « —12 d) and, as expected, the velocities 
tend to decrease with time. The detection of Si II A3858, as 
well as the strength (i.e., pEW) and velocity of the feature 
when detected, are uncorrelated with any of the aforemen¬ 
tioned SN la classification schemes (i.e., SNID Type, Wang 
Type, and Benetti Type), as well as any of the other SN la 
observables mentioned in Section 4.4 (except, of course, the 
Si II A6355 PVF velocity). Another possible exception is that 
Si II A3858 might be detected more frequently in N objects, 
as opposed to other subtypes, though the relatively small 
total number of detections makes this result rather weak. 

4.6 The Existence of HVFs in Si II A6355 

Using the algorithm described in Section 3, the pEWs and 
expansion velocities were calculated for both HVFs and 
PVFs of Si II A6355; the values are listed in Table A3. HVFs 
of Si II A6355 have rarely been carefully studied previously, 
with Marion et al. (2013) representing one of the most de¬ 
tailed works on the subject. In the present study, Si II A6355 
was fit in a total of 422 spectra of 208 SNe la; 2 of these spec¬ 
tra have only HVFs, 326 have only PVFs, and 94 have both 
HVFs and PVFs detected. SN 2012fr is the only object in 
our sample with spectra showing only HVFs of Si II A6355, 
and this is found for only the two earliest spectra (14.4 and 
14.0 d before maximum brightness). As mentioned in Sec¬ 
tion 4.1, this is consistent with an in-depth study of this 
object which found HVFs of CaIR3 and Si II A6355 but no 
PVFs in these spectra (Childress et al. 2013). 

Like the Ca II features, SNe la tend to evolve from 
having only Si II A6355 HVFs, though this is seen only in 
one object and at very early times, to having both HVFs 
and PVFs, to having only PVFs, which is what is seen in the 
majority of the spectra, ~77 per cent. Spectra with only Si II 
A6355 PVFs are detected as early as 15 d before maximum 
and as late as 5 d past maximum (i.e., the oldest spectra 
in the current study), while spectra with both HVFs and 
PVFs are observed at all epochs studied (—16 < t < 5 d). 

Unlike the Ca II features, however, HVFs of Si II A6355 
are somewhat rare in SN la spectra. Only ~16 per cent of all 
SNe la studied herein show evidence for Si II A6355 HVFs in 
at least one spectrum (compared to ~67 per cent for HVFs 
of CaHK and CaIR3). In early-time observations (t < —5 d), 
~32 per cent of objects have detectable HVFs of Si II A6355, 

5 http://www.nist.gov/pml/data/asd.cfm. 


much lower than the ~91 per cent of objects that exhibit 
HVFs of Ca II at these early epochs. 

All spectra obtained earlier than lid before maximum 
brightness contain HVFs of Si II A6355, while they are seen 
in 21 spectra of 7 SNe la for t > —5 d. This latter result is 
inconsistent with Childress et al. (2014), who find no HVFs 
of Si II A6355 at these epochs. The difference is likely caused 
by the larger dataset used herein, as well as by differences 
in the spectral fitting algorithms used. The low detection 
rate of HVFs of Si II A6355 could be explained by an inher¬ 
ent rarity of HVFs of Si II A6355, the possibility that they 
disappear at very early times, or some combination of both. 

As when fitting the Ca II features, we find that ~ 
29 per cent of the objects for which we fit the Si II A6355 fea¬ 
ture are HV objects, again consistent with the overall SN la 
population (e.g., Wang et al. 2009a; Silverman et al. 2012). 
Furthermore, only 8 objects had their Wang Type changed 
when using the PVF velocity calculated in this work as com¬ 
pared to previous work (e.g., Silverman et al. 2012), and all 
of these SNe la had velocities that were near the cutoff be¬ 
tween HV and N objects. For the SNe la with a Wang Type, 
33 per cent of HV objects contain HVFs of Si II A6355, while 
only 6 per cent of N objects show HVFs of Si II A6355. This 
dramatic difference has never been convincingly seen be¬ 
fore, although it was previously suggested by Tanaka et al. 
(2008), and is significantly different than the HVFs of Ca II 
which are found in similar percentages of HV and N objects. 
This result may be surprising since one might expect PVFs 
with higher velocities to be blended more severely with any 
possible HVF, and thus one might be biased against finding 
distinct HVFs of Si II A6355 in HV objects. 

Much like Ca II, however, HVFs of Si II A6355 are 
found in similar numbers of la-norm and Ia-91T/99aa ob¬ 
jects (14 per cent and 19 per cent, respectively) while no 
HVFs are seen in Ia-91bg objects. As mentioned previously, 
the BSNIP dataset (which represents the bulk of the sample 
studied herein) is not well suited to velocity-gradient mea¬ 
surements or Benetti Type classifications. That being said, 
we report our results here for completeness, though note the 
relatively low numbers of objects involved. We find no HVFs 
of Si II A6355 in FAINT objects, consistent with Ia-91bg ob¬ 
jects having no HVFs. On the other hand, 29 per cent of 
LVG objects and 27 per cent of HVG objects show evidence 
for HVFs of Si II A6355. This is somewhat different than 
the aforementioned predominance of Si II A6355 HVFs in 
HV objects and the relative lack of them in N objects. How¬ 
ever, given the relatively small number of SNe la for which 
we can measure a reliable Benetti Type, these percentages 
are formally consistent with the results found when using 
Wang Types. 

4.7 Si II A6355 pEWs 

The pEWs of Si II A6355 are listed in Table A3 and their 
temporal evolution is displayed in Figure 11. Like the Ca II 
features, there is significant scatter in the pEWs of the HVFs 
and PVFs of Si II A6355. In addition, the HVF pEWs tend 
to decrease with time while the PVF pEWs typically in¬ 
crease with time. As discussed above, HVFs of Si II A6355 
disappear at much earlier epochs than either Ca II feature. 
The strengths (i.e., pEWs) of HVFs and PVFs are seen to 
be equal for CaHK and CaIR3 for —8 < t < 2d, while this 
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Figure 10. The Si II A3858 velocity versus time. Colours and shapes of data points are the same as in Figure 4. Measurement uncertainties 
are comparable to the size of the data points. 


is achieved for Si II A6355 ~11 d before maximum bright¬ 
ness. In fact, there are only 5 spectra in which the pEW of 
the Si II A6355 HVF is larger than that of the Si II A6355 
PVF, and all of these were obtained at t < —11 d. In spite 
of this, moderately strong HVFs of Si II A6355 are observed 
in a handful of objects through t ~ —6 d and in some ob¬ 
jects through t fn 5 d, and these are almost exclusively HV 
objects. 

As mentioned in Section 4.6, HV objects tend to show 
HVFs of Si II A6355 significantly more often than N objects, 
and, according to Figure 11, on average they exhibit stronger 
HVFs than N objects when detected in both subtypes at the 
same epoch. Similar to the Ca II pEWs, though not quite as 
extreme, Ia-91bg objects have relatively large pEWs of Si II 
A6355 PVFs but no HVFs, and Ia-91T/99aa objects have 
relatively low pEWs of both Si II A6355 PVFs and HVFs. 

Analogous to the Ca II features, we define Rsi as the 
ratio of pEWs of the HVFs to the PVFs of Si II A6355. 6 Once 
again, spectra with only PVFs are defined to have a ratio 
of zero, while spectra with only HVFs have an undefined 
ratio; the values of Rsi are listed in Table A3. For nearly all 
spectra studied herein, Rs; < 1- There are five spectra whose 
ratio is larger than unity, and they represent the earliest 
spectral observations of SNe 2012cg and 2012fr (Silverman 

6 Note that Ag; defined here is unrelated to the so-called “Si II 
ratio,” 5K(Si II), which was defined by Nugent et al. (1995) as the 
ratio of the depth of the Si II A5972 feature to the depth of the 
Si II A6355 feature. 


et al. 2012b; Childress et al. 2013, respectively). Note that 
SN 2012fr was also the sole object in this work found to have 
spectra showing HVFs of Si II A6355 without PVFs. 


4.8 Si II A6355 Velocities 

The measured PVF and HVF velocities of the Si II A6355 
feature are listed in Table A3, and Figure 12 shows the tem¬ 
poral evolution of these velocities. As in Figure 5, the black 
dashed line is the best-fitting natural exponential function 
to all Si II A6355 PVF velocities, while the blue and red 
dashed lines use only HV and N objects, respectively. The 
black dotted line is the best-fitting natural exponential func¬ 
tion to all Si II A6355 HVF velocities, and the blue and red 
dotted lines use only HV and N objects, respectively. 

Like the Ca II features, the measured velocities (both 
PVFs and HVFs) of a given object tend to decrease with 
time. The exponential fits in Figure 12 show that, again as 
seen in the Ca II features, the HVFs (dotted lines) and PVFs 
(dashed lines) of HV objects start out with higher velocities 
than the N objects and likely decrease their velocity more 
quickly with time. For Si II A6355, however, the HVF and 
PVF velocities of the HV objects are almost always larger 
than those of the N objects at a given epoch. This is by 
construction, at least for the PVF velocities, since the PVF 
Si II A6355 velocity is how a Wang Type is assigned to a 
given object. 

Ia-91bg objects are found to have the lowest Si II A6355 
velocities, with Ia-91T/99aa objects having slightly larger 
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Figure 11. The Si II A6355 pEWs versus time. Colours and shapes of data points are the same as in Figure 4. Measurement uncertainties 
are comparable to the size of the data points. 


velocities. N objects have slightly larger velocities than that 
and, of course, HV objects exhibit the highest velocities. 
This is consistent with previous Si II A6355 velocity studies 
(e.g., Silverman et al. 2012). 

Only Si II A6355 velocities of objects for which we have 
more than seven spectra are shown in Figure 13 (thus, this 
is a subset of what is displayed in Figure 12). As in Fig¬ 
ure 6, the PVF (HVF) velocities of a given object are con¬ 
nected with a dashed (solid) line. The nine objects plotted 
in Figure 13 include the five extremely well-observed SNe la 
mentioned above (SNe 2009ig, 2011by, 2011fe, 2012cg — 
the lone Ia-91T/99aa object in the Figure — and 2012fr), 
in addition to SNe 1994D, 2006X, 2010kg, and 2011ao. The 
aforementioned conclusions once again hold for this subset: 
HV objects have faster HVFs and PVFs at all epochs, and 
they likely decrease more quickly with time than N objects. 

As with the Ca II features, the Si II A6355 feature shows 
a distinct gap between HVF and PVF velocities. This gap is 
most noticeable for t > —6 d. Once again, the difference in 
velocity between the HVFs and PVFs in a given spectrum 
is calculated. While this difference tends to decrease with 
time, there is a very large amount of scatter at all epochs, 
similar to the CaIR3 feature. The typical velocity separa¬ 
tion for Si II A6355 is ~6000 km s -1 , slightly less than what 
was found for the Ca II features (i.e., ~9000 km s -1 ). No 
velocity differences are found less than 4200 km s“ , and 
most are greater than 5000 km s -1 . These values are some¬ 
what larger than the minimum separation resolvable by our 
fitting algorithm (see Section 3.3.1), so as was the case for 


CaIR3, the gap between the Si II A6355 HVFs and PVFs is 
likely real. 

As was done for the Ca II features, the velocity separa¬ 
tions for a given object at all epochs were investigated for 
Si II A6355. Again, each object’s maximum PVF velocity, 
usually from the earliest spectrum of the object in question, 
was compared to its minimum HVF velocity, usually from 
the latest spectrum of the object in question. All objects 
studied herein have all of their HVF velocities larger than 
all of their PVF velocities (i.e., the minimum HVF velocity 
is larger than the maximum PVF velocity). 


4.9 HVFs of Si II A6355 Compared to Other 
Observables 

As with the Ca II features, we compare the Rsi values of 
the Si II A6355 feature to other SN la observables. The 
SN colour is being characterised in this work using the ob¬ 
served B — V colour at B-band maximum brightness, with 
only a correction for MW reddening (Schlegel et al. 1998) 
having been applied. Thus, there are many objects in the 
sample that have large (i.e., red) values of (B — V) Q caused 
by reddening from their host galaxy. When ignoring highly 
reddened objects (( B — V) 0 > 0.4 mag; e.g., Foley et al. 
2011), the mean Rsi value is more than twice as large for 
objects with ( B — V) 0 > 0 mag as compared to objects with 
( B — V) 0 < 0 mag (~0.037 and ~0.016 mag, respectively). 
Both of these values are quite close to Rsi = 0, since there 
are relatively few objects that show HVFs of Si II A6355; 
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Figure 12. The Si II A6355 velocities versus time. Colours and shapes of data points are the same as in Figure 4. Measurement 
uncertainties are comparable to the size of the data points. Like Figure 5, the black, blue, and red dashed lines are natural exponential 
function fits to PVF velocities of all objects, HV objects only, and N objects only, respectively. The black, blue, and red dotted lines are 
natural exponential function fits to HVF velocities of all objects, HV objects only, and N objects only, respectively. 


thus, this result is of somewhat low significance. If correct, 
however, it indicates that Rsi is larger for intrinsically red¬ 
der SNe la, which are also found to show larger Si II A6355 
velocities (e.g., Foley et al. 2011; Milne et al. 2014). 

Like the Ca II features, no HVFs of Si II A6355 are found 
in fast-declining SNe la, while normal- and slow-declining 
objects show a range of Rsi values (from identically 0 to 
~0.5). In fact, no object with Amis(B) > 1.45 mag show 
HVFs of Si II A6355, and the difference in Rsi values above 
and below this cutoff is statistically significant. These find¬ 
ings are consistent with the results discussed in Section 4.6 
where SNID Type was used instead of light-curve decline 
rate. 

As also seen in Section 4.6, the majority of the Si II 
A6355 HVFs are found in HV objects. Another way to 
present this result is shown in Figure 14, which displays the 
(PVF) velocity of Si II A6355 versus Rsi- The median values 
(of both Rsi and Si II A6355 velocity) are used for objects 
with multiple spectra. The dashed line at 11,800 km s -1 
represents the cutoff between N and HV objects. 

The typical value of Rsi that we measure increases with 
Si II A6355 velocity, although there are only a handful of ob¬ 
jects with R Si 0. Of these SNe la that show HVFs of Si II 
A6355, three are N objects, while two are Ia-91T/99aa and 
five are unclassified objects. On the other hand, 13 are HV 
objects, while HV objects make up less than 30 per cent 
of the current dataset. Also note that the five unclassified 
objects with HVFs of Si II A6355 are all found to have ve¬ 


locities greater than 11,800 km s -1 , and are thus likely HV 
objects. About half of the highest-velocity objects (i.e., Si II 
A6355 velocity greater than 14,000 km s -1 ) show HVFs of 
Si II A6355; compare this to the entire dataset, in which only 
~16 per cent of objects show HVFs of Si II A6355. 

As mentioned in Section 4.4, C II absorption features 
are sometimes found in early-time optical spectra of SNe la, 
likely coming from unburned progenitor WD material (e.g., 
Parrent et al. 2011; Thomas et al. 2011; Folatelli et al. 2012; 
Silverman & Filippenko 2012). For 288 spectra, we find a 
statistically significant difference in values of Rsi for objects 
with versus without C II absorption features. The mean Rsi 
value for SNe la with detected C II is ~ 0.011, while the 
mean Rsi value for those without C II is nearly twice as 
large (~0.019). This implies that objects lacking C II ab¬ 
sorption features also show stronger HVFs. Consistent with 
this finding, and previous results in the current work, HV 
objects have also been shown to lack C II absorption (e.g., 
Silverman & Filippenko 2012). 

Other SN la observables were also compared to Rsi, 
but none of them showed any significant correlation. As was 
done for the Ca II feature, we list the observables investi¬ 
gated for completeness. No difference in Rsi values is found 
for objects with blueshifted versus redshifted narrow Na I D 
absorption lines when using 47 spectra. Similarly, no correla¬ 
tion is found between Rsi and the light-curve rise times of 43 
of the objects published by Ganeshalingam et al. (2011), the 
nebular velocity (of 17 objects), or the FWHM of the [Fe III] 






22 


Silverman, et al. 



-15 -10 -5 0 5 

Rest-Frame Days Relative to Maximum 


Figure 13. The Si II A6355 velocities versus time for the nine SNe la for which we have more than seven spectra (see main text for the 
list of objects). All PVF (HVF) velocities of a given object are connected with a dashed (solid) line. Colours and shapes of data points 
are the same as in Figure 4. Measurement uncertainties are comparable to the size of the data points. 


A4701 feature (of 17 objects). Finally, the host-galaxy type 
(as reported in NED) is related to the value of Rsi for 287 
spectra in the same way as -RcaHK and -RcaiR. 3 ; objects in 
E/SO hosts tend to have lower R values than those found in 
other galaxy types. 

In summary, Si II A6355 HVFs are never found in slow- 
declining (i.e., Ia-91bg/FAINT) objects, as is the case with 
HVFs of CaHK and CaIR3. Unlike the HVFs of Ca II, how¬ 
ever, HVFs of Si II A6355 are relatively rare overall, yet there 
are significantly more HV objects with Si II A6355 HVFs as 
compared to any other SN la subtype. Furthermore, we find 
that objects showing strong HVFs of Si II A6355 also tend 
to have redder optical colours at maximum brightness and 
lack C II absorption in their early-time spectra. This connec¬ 
tion between photospheric velocity, ultraviolet (UV)/optical 
colour near maximum, and C II absorption have all been 
recognised in previous works mentioned above, but the ad¬ 
dition of the association between HV objects and relatively 
strong HVFs of Si II A6355 is new and unique to the current 
work. We also note the possibility that HV objects preferen¬ 
tially occur in the inner regions of their host galaxies (Wang 
et al. 2013; Pan et al. 2015). 

As discussed above and in Wang et al. (2009a), the 
Wang Type classifications, and thus the correlations in the 
previous paragraph, only apply to “typical” SNe la. These 
objects make up ~70 per cent of the SN la population (Li 
et al. 2011), are spectroscopically “normal” (e.g., according 
to SNID), and usually have Amis(B) = 1.1 ±0.3 mag (e.g., 


Ganeshalingam et al. 2010). For such objects, there seems 
to be an observational dichotomy, or, more likely, a contin¬ 
uous distribution of multiple observables that are mutually 
correlated. Table 1 presents this dichotomy, or rather, the 
extremes of this continuous distribution. In essence, we find 
that a “typical” SN la with a relatively large near-maximum 
photospheric velocity, which would lead to classification as a 
HV object, will likely lack early-time C II absorption, tend 
to have relatively red UV/optical colours near maximum 
brightness, will show relatively strong HVFs of Si II A6355, 
and may be found in the inner regions of its host galaxy. 


5 CONCLUSIONS 

We have conducted the most detailed study of HVFs per¬ 
formed to date, using a sample of 445 low-resolution optical 
and NIR spectra at epochs up to 5 d past maximum bright¬ 
ness of 210 low-redshift SNe la that follow the “Phillips re¬ 
lation.” By fitting a series of Gaussian functions, we are able 
to determine whether a given spectrum shows evidence for 
HVFs of CaHK, Si II A6355, or CaIR3, as well as measure the 
velocities and pEWs of the PVFs and HVFs of these three 
spectral features. Our measured values are consistent with 
previous studies of HVFs (e.g., Marion et al. 2013; Childress 
et al. 2014), and our detection, or lack thereof, of HVFs also 
matches spectral fits produced via SYNAPPS. 

In general, SNe la are found to have HVFs with no 
corresponding PVFs at the earliest epochs and these features 
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Figure 14. Rg; versus Si II A6355 (PVF) velocity. The median R value and velocity are used for objects with multiple spectra. The 
dashed line is the cutoff between N and HV objects. Colours and shapes of data points are the same as in Figure 4. 


Table 1. Correlated Observables of “Typical” 3, SNe la 


Observable 


HV objects 


N objects Example Reference(s) 


Si II A6355 (PVF) velocity near maximum > 11,800 km s -1 
Early-time C II absorption features No 

UV/optical colours near maximum Red 

HVFs of Si II A6355 Strong 

Location within host galaxy Inner ~70 per cent? 


< 11,800 km s ” 1 
Yes 
Blue 

Weak/None 

Everywhere? 


Wang et al. (2009a) 

Silverman & Filippenko (2012) 

Foley et al. (2011); Milne et al. (2014) 

This Work 

Wang et al. (2013); Pan et al. (2015) 


3 “Typical” SNe la are objects that are spectroscopically “normal” (e.g., according to SNID) and usually have 
Am] 5 ( B) = 1.1 ± 0.3 mag (e.g., Ganeshalingam et al. 2010); thus, they can be assigned a Wang Type. 


weaken and slow down with time. PVFs appear later and 
grow stronger with time, while also slowing down. HVFs 
and PVFs of CaHK, Si II A6355, and CaIR3 are found (in 
at least some objects) at nearly all epochs studied herein. 
SNe la with faster PVFs tend to have faster HVFs. 

About two-thirds of all objects in the current sample 
show HVFs of Ca II. For objects with spectra obtained ear¬ 
lier than ~4 d before maximum brightness, ~91 per cent 
show HVFs, and the remaining ~ 9 per cent all seem to 
be underluminous/Ia-91bg/FAINT objects. This connection 
between the relative strength of Ca II HVFs and luminosity 
has also been seen in previous work (Maguire et al. 2012; 
Childress et al. 2014; Maguire et al. 2014). Our analysis fur¬ 
ther indicates that Si II A3858 is detectable in the CaHK 
profile of ~ 24 per cent of spectra, implying that it does 


not usually dominate the spectral profile in this wavelength 
range. 

We also investigate HVFs of Si II A6355, a relatively 
unexplored area of research, but see Marion et al. (2013) for 
one of the best previous studies of Si II A6355 HVFs. As 
with the Ca II features, no HVFs of Si II A6355 are found in 
underluminous/Ia-91bg/FAINT objects. On the other hand, 
Si II A6355 HVFs are much rarer than their Ca II counter¬ 
parts, and are detected in only ~16 per cent of the objects 
in the current sample. Even at early times (t < —5 d), HVFs 
of Si II A6355 are seen in only ~32 per cent of SNe la. 

Despite their rarity, Si II A6355 HVFs are observed 
about one-third of the time in HV objects, compared to only 
5-10 per cent of the time in all other SN la subtypes. We also 
find that stronger HVFs of Si II A6355 are associated with 
a lack of C II absorption at early times and relatively red 
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UV/optical colours near maximum brightness. These new¬ 
found connections, in conjunction with previous work, led to 
Table 1, which presents a list of correlated parameters that 
likely constitute a continuous distribution of SN la observ¬ 
ables. 

Future SN la models should utilise the empirical re¬ 
lations and observational constraints set forth in this and 
previous work regarding HVFs. For example, if HVFs arise 
purely from an opacity effect, then a stronger line (i.e., one 
with a larger pEW) would form at a larger radius in the SN 
photosphere. Assuming homologous expansion, this would 
correspond to a larger observed velocity for the HVFs of a 
stronger line. 

Using the measurements of HVFs of Si II A6355 and 
CaIR3 discussed above, 94 per cent of all spectra have 
Rsi < f?CaiR3, while the remaining ~6 per cent are consistent 
with equality. Thus, all HVFs of CaIR3 are consistent with 
being stronger, relative to their PVFs, than those of Si II 
A6355. In ~80 per cent of observations, HVFs of CaIR3 have 
larger velocities than HVFs of Si II A6355, with ~5 per cent 
consistent with equality. The remaining ~ 15 per cent of 
spectra, where Si II A6355 HVFs are significantly faster than 
CaIR3 HVFs, include SNe la with some of the fastest Si II 
A6355 velocities ever observed (e.g., SNe 2006X and 2010kg; 
Wang et al. 2008; Silverman et al., in preparation, respec¬ 
tively). Thus, CaIR3 is stronger and also faster than Si II 
A6355, except in these extremely high-velocity objects, and 
so the HVFs of Si II A6355 and CaIR3 could be caused pri¬ 
marily by opacity effects in most SNe la. 

While opacity may play a role, an abundance or density 
enhancement or an ionisation change at high velocity (i.e., 
large radius) is likely required to produce detectable HVFs. 
Gerardy et al. (2004) showed that a model in which SN 
ejecta collide with a circumstellar shell can yield observed 
velocities of the CaIR3 HVF feature. Mulligan & Wheeler 
(2015, in preparation) show that the evolution in time of 
the PVF and HVF profiles, and the nearly constant velocity 
gap between the two sets of features, can be reproduced by a 
model of the interaction between SN la ejecta and a circum¬ 
stellar shell of small mass contained within a few tenths of 
a solar radius near the exploding WD. Figure 15 shows the 
evolution of the CaIR3 PVF and HVF velocities as open and 
filled circles, respectively, for a shell with mass 0.005 Mg. 
Also shown in the figure (as open and filled squares, respec¬ 
tively) are the PVF and HVF velocities measured herein for 
SN 2011fe. 

The model PVF velocities match quite well the mea¬ 
sured values from the current work at early times and near 
maximum brightness, though in between these times they 
are slightly higher than the data indicate. The model HVF 
velocities match fairly well at most epochs, but are some¬ 
times slightly slower than the measured values. Prior to 
about 13 d before maximum brightness the photosphere is 
at the contact discontinuity below the shell, and thus only 
the HVF is seen in the model. At later times, the photo¬ 
sphere moves deeper into the ejecta, allowing the PVF to 
be observed, but the CSM shell still has enough optical 
depth to yield HVFs. The evolution of the features in the 
model is caused by the receding velocity of the photosphere 
and the free expansion of the higher-velocity shell material 
that leads to weaker absorption in the HVFs (Mulligan & 
Wheeler 2015, in preparation). 



Rest-Frame Days Relative to Maximum 


Figure 15. The measured CaIR3 velocities of SN 2011fe from the 
current work (squares) and model CaIR,3 velocities from Mulligan 
&; Wheeler (2015, in preparation; circles). Open points are PVFs 
and filled points are HVFs. 

The current work now stands as an observational bench¬ 
mark against which theoretical models of SNe la can be 
compared. Any successful model of a normal or overlumi- 
nous SN la that follows the “Phillips relation” must naturally 
produce HVFs of Ca II since they are found so ubiquitously 
and at a range of pre- and near-maximum-brightness epochs. 
On the other hand, models of underluminous/Ia-91bg ob¬ 
jects should never produce Ca II HVFs. Furthermore, based 
on spectropolarimetric observations, the HVFs of Ca II 
should also show polarisation, distinct from any polarisation 
present in the PVFs (e.g., Leonard et al. 2005; Wang et al. 
2003, 2006; Chornock & Filippenko 2008; Patat et al. 2009; 
Maund et al. 2013). Similarly, HVFs of Si II A6355 should be 
occasionally produced in N and overluminous/Ia-91T/99aa 
objects, never produced in underluminous/Ia-91bg objects, 
and preferentially more often (but still somewhat rarely) 
produced in HV objects. It is now clear that the detection 
and characterisation of HVFs is yet one more piece of the 
SN la puzzle. 
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APPENDIX A: TABLES OF OBJECTS AND 
SPECTRAL MEASUREMENTS 

Table Al lists each SN la that we analyse herein and the 
(rest-frame) phases of their spectra. Also presented are pub¬ 
lished Amis(-B) and (B — V) 0 values, as well as spectral 
classifications based on various classification schemes. 


Table Al: Summary of SNe la 
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Tables A2, A3, and A4 list measured values of the 
Ca II H&K (CaHK), Si II A6355, and Ca II near-IR triplet 
(CaIR3) features, respectively. The velocity for each com¬ 
ponent is displayed, as well as the pseudo-equivalent width 
(pEW; e.g., Garavini et al. 2007; Silverman et al. 2012). 
Also shown for each feature is R, the ratio of the pEW of 
the HVF to the pEW of the PVF, as defined by Childress 
et al. (2014). Fits with no HVF have R = 0 and fits with no 
PVF have undefined values of R. 


Table A2: CaHK Fit Results 
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Table A3: Si II A6355 Fit Results 


SN Name 

Phase (d) a 

HVF v (10 3 km s" 1 ) 

HVF pEW (A) 

PVF v (10 3 km s 3 ) 

PVF pEW (A) 

< 

SN 1989M 

2.5 



12.33 (0.05) 

132.9 (0.1) 

0 

SN 1989M 

3.5 



12.19 (0.05) 

124.2 (0.1) 

0 

SN 1991T 

-10.1 



10.66 (0.06) 

21.1 (0.3) 

0 

SN 1991T 

-9.1 



9.93 (0.09) 

17.4 (0.4) 

0 

SN 1991bg 

0.1 



9.63 (0.05) 

96.0 (0.6) 

0 

SN 1991bg 

1.1 



9.21 (0.05) 

94.5 (0.9) 

0 

SN 1994D 

-12.3 

19.03 (0.05) 

40.1 (0.9) 

13.67 (0.05) 

97.8 (0.6) 

0.41 (0.01) 

SN 1994D 

-11.3 

18.82 (0.06) 

34.7 (1.5) 

13.30 (0.08) 

96.2 (0.5) 

0.36 (0.02) 

SN 1994D 

-9.3 

17.47 (0.10) 

20.3 (0.7) 

11.76 (0.05) 

65.5 (0.6) 

0.31 (0.01) 

SN 1994D 

-7.7 

18.17 (0.06) 

6.5 (0.2) 

11.77 (0.05) 

76.4 (0.6) 

0.09 (0.01) 

SN 1994D 

-6.3 



10.79 (0.05) 

86.5 (0.2) 

0 

SN 1994D 

-5.3 



11.07 (0.05) 

83.8 (0.2) 

0 

SN 1994D 

-3.9 



10.92 (0.05) 

85.5 (0.1) 

0 

SN 1994D 

-3.3 



10.80 (0.05) 

90.4 (0.1) 

0 

SN 1994S 

1.1 



10.40 (0.05) 

85.6 (0.2) 

0 

SN 1995D 

3.8 



10.17 (0.05) 

80.2 (0.1) 

0 

SN 1995E 

-2.5 



10.68 (0.05) 

101.8 (0.1) 

0 

SN 1995ac 

-6.3 



10.16 (0.13) 

20.0 (1.3) 

0 

SN 1997Y 

1.3 



10.51 (0.05) 

110.6 (0.3) 

0 

SN 1997br 

-4.8 



10.77 (0.05) 

23.0 (0.2) 

0 

SN 1997do 

-5.7 



13.96 (0.05) 

110.6 (0.2) 

0 

SN 1998dk 

-7.2 



14.41 (0.05) 

112.2 (0.2) 

0 

SN 1998dk 

-0.5 



12.38 (0.05) 

108.0 (0.1) 

0 

SN 1998dm 

-12.5 



12.18 (0.05) 

66.4 (0.1) 

0 

SN 1998dm 

-5.6 



10.86 (0.05) 

66.2 (0.1) 

0 

SN 1998ef 

-8.6 



14.32 (0.05) 

150.6 (0.3) 

0 

SN 1998es 

0.3 



10.24 (0.05) 

59.5 (0.1) 

0 

SN 1999aa 

-10.6 



12.60 (0.07) 

31.4 (0.5) 

0 

SN 1999aa 

0.2 



10.35 (0.05) 

59.6 (0.2) 

0 

SN 1999ac 

-3.7 



11.19 (0.05) 

76.7 (0.1) 

0 

SN 1999ac 

-0.9 



10.40 (0.05) 

86.3 (0.2) 

0 

SN 1999cp 

4.9 



10.43 (0.05) 

105.4 (0.1) 

0 

SN 1999da 

-2.1 



10.66 (0.05) 

129.5 (0.2) 

0 

SN 1999dk 

-6.6 



14.55 (0.05) 

134.8 (0.1) 

0 

SN 1999dq 

-3.9 



10.97 (0.05) 

42.0 (0.2) 

0 

SN 1999dq 

3.0 



10.86 (0.05) 

61.7 (0.1) 

0 

SN 1999gd 

-1.1 



10.42 (0.05) 

116.5 (0.4) 

0 

SN 1999gh 

4.1 



10.58 (0.05) 

164.5 (0.2) 

0 

SN 2000cp 

2.9 



11.00 (0.05) 

145.1 (0.3) 

0 

SN 2000cw 

4.8 



9.91 (0.05) 

111.8 (0.3) 

0 

SN 2000dg 

-5.1 



10.90 (0.05) 

76.4 (0.2) 

0 

SN 2000dg 

4.7 



10.39 (0.05) 

72.8 (0.3) 

0 

SN 2000dk 

1.0 



10.67 (0.05) 

124.3 (0.1) 

0 

SN 2000dm 

-1.6 



11.08 (0.05) 

106.9 (0.1) 

0 

SN 2000dn 

-0.9 



10.19 (0.05) 

119.4 (0.4) 

0 

SN 2000dx 

-9.3 



15.11 (0.05) 

151.2 (1.5) 

0 

SN 2000fa 

-8.3 



14.13 (0.05) 

95.6 (0.6) 

0 

SN 2001az 

-3.2 



11.73 (0.05) 

81.5 (0.6) 

0 

SN 2001ba 

-4.6 



12.77 (0.11) 

144.2 (7.6) 

0 

SN 2001bf 

1.2 



11.75 (0.05) 

130.0 (0.2) 

0 

SN 2001br 

3.5 



12.93 (0.05) 

133.9 (1.3) 

0 

SN 2001br 

3.5 



12.56 (0.05) 

152.5 (0.7) 

0 

SN 2001bp 

0.5 



10.86 (0.05) 

75.4 (1.2) 

0 

SN 2001cp 

1.4 



10.61 (0.05) 

81.2 (0.3) 

0 

SN 2001da 

-1.1 



11.35 (0.05) 

121.4 (0.3) 

0 

SN 2001eh 

-5.6 



11.18 (0.05) 

43.4 (0.7) 

0 

SN 2001eh 

-4.5 



11.05 (0.05) 

42.2 (0.4) 

0 

SN 2001eh 

3.3 



10.84 (0.05) 

61.1 (0.2) 

0 

SN 2001ep 

2.8 



10.16 (0.05) 

120.9 (0.1) 

0 

SN 2001ex 

-1.8 



9.92 (0.05) 

123.0 (0.6) 

0 

SN 2001fe 

-1.0 



11.07 (0.05) 

73.2 (0.1) 

0 

SN 2002aw 

2.1 



10.21 (0.05) 

99.9 (0.8) 

0 

SN 2002bf 

3.0 

18.48 (0.05) 

38.5 (0.5) 

13.68 (0.05) 

133.4 (0.1) 

0.29 (0.01) 

SN 2002bo 

-11.9 

20.97 (0.07) 

36.4 (2.3) 

15.63 (0.11) 

103.7 (0.2) 

0.35 (0.02) 
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Table A3 — Continued 


SN Name 

Phase (d) a 

HVF v (10 3 km s" 1 ) 

HVF pEW (A) 

PVF v (10 3 km s x ) 

PVF pEW (A) 

< 

SN 2002bo 

-1.1 



13.07 (0.05) 

156.5 (0.5) 

0 

SN 2002cd 

1.1 



15.23 (0.05) 

121.9 (0.1) 

0 

SN 2002cf 

-0.8 



10.22 (0.05) 

117.6 (0.4) 

0 

SN 2002ck 

3.6 



10.31 (0.05) 

76.1 (0.6) 

0 

SN 2002cr 

-6.8 



11.08 (0.05) 

105.5 (0.3) 

0 

SN 2002cs 

-7.8 

19.17 (0.05) 

22.5 (1.0) 

14.91 (0.05) 

104.4 (0.1) 

0.22 (0.01) 

SN 2002cu 

-5.3 

19.51 (0.05) 

20.0 (0.8) 

13.24 (0.05) 

123.6 (0.1) 

0.16 (0.01) 

SN 2002de 

-0.3 



11.59 (0.05) 

102.8 (1.3) 

0 

SN 2002dj 

-8.0 



15.59 (0.05) 

150.2 (0.3) 

0 

SN 2002dk 

-1.2 



10.43 (0.05) 

116.8 (0.5) 

0 

SN 2002eb 

1.7 



10.23 (0.05) 

72.7 (0.2) 

0 

SN 2002ef 

4.7 



11.43 (0.05) 

108.4 (0.5) 

0 

SN 2002er 

-4.6 



12.05 (0.05) 

112.6 (0.1) 

0 

SN 2002eu 

-0.1 



11.02 (0.05) 

128.2 (0.5) 

0 

SN 2002fb 

1.0 



10.57 (0.05) 

101.9 (0.3) 

0 

SN 2002ha 

-0.9 



10.93 (0.05) 

106.7 (0.1) 

0 

SN 2002ha 

4.9 



10.38 (0.05) 

106.2 (0.2) 

0 

SN 2002he 

-5.9 



13.30 (0.05) 

110.1 (0.4) 

0 

SN 2002he 

-1.0 



12.52 (0.05) 

123.2 (0.3) 

0 

SN 2002he 

0.3 



12.36 (0.05) 

126.5 (0.2) 

0 

SN 2002he 

3.2 



12.07 (0.05) 

127.7 (0.3) 

0 

SN 2002hu 

-5.8 



10.46 (0.05) 

58.1 (0.3) 

0 

SN 2002hw 

-6.3 



11.25 (0.05) 

94.4 (0.3) 

0 

SN 2003U 

-2.6 



11.30 (0.05) 

130.1 (0.4) 

0 

SN 2003W 

-5.1 

20.77 (0.05) 

31.5 (2.3) 

15.07 (0.13) 

118.8 (0.1) 

0.27 (0.02) 

SN 2003Y 

-1.7 



9.86 (0.05) 

99.4 (0.5) 

0 

SN 2003cq 

-0.2 



12.08 (0.05) 

129.2 (0.8) 

0 

SN 2003fa 

-8.2 



11.73 (0.06) 

42.4 (0.8) 

0 

SN 2003gn 

-5.4 



13.39 (0.05) 

154.1 (1.2) 

0 

SN 2003gn 

3.3 



10.99 (0.06) 

194.3 (3.9) 

0 

SN 2003gt 

-5.1 



11.39 (0.05) 

75.4 (0.3) 

0 

SN 2003he 

2.7 



11.31 (0.05) 

103.2 (0.3) 

0 

SN 2003hs 

-5.5 



13.55 (0.05) 

160.3 (1.3) 

0 

SN 2003iv 

1.8 



10.56 (0.05) 

112.6 (0.2) 

0 

SN 2003kf 

-7.5 



12.07 (0.05) 

68.4 (0.1) 

0 

SN 2004as 

-4.4 

17.14 (0.05) 

12.2 (0.7) 

12.33 (0.05) 

120.6 (0.1) 

0.10 (0.01) 

SN 2004bl 

4.6 



10.72 (0.05) 

98.3 (0.4) 

0 

SN 2004br 

3.5 



11.03 (0.05) 

43.1 (0.6) 

0 

SN 2004bv 

-7.1 



11.05 (0.05) 

40.8 (0.3) 

0 

SN 2004bw 

-10.0 



13.46 (0.05) 

116.7 (2.1) 

0 

SN 2004dt 

-6.5 

19.18 (0.05) 

56.2 (1.1) 

13.20 (0.05) 

117.5 (0.3) 

0.48 (0.01) 

SN 2004dt 

1.4 



13.54 (0.05) 

182.5 (0.3) 

0 

SN 2004ef 

-5.5 

18.45 (0.05) 

18.6 (0.8) 

13.05 (0.05) 

117.0 (3.7) 

0.16 (0.01) 

SN 2004eo 

-5.6 



11.07 (0.05) 

105.4 (0.3) 

0 

SN 2004ey 

-7.6 



11.81 (0.05) 

80.0 (0.1) 

0 

SN 2004fu 

-2.7 



12.90 (0.05) 

133.5 (0.1) 

0 

SN 2004fu 

2.4 



11.98 (0.05) 

137.4 (0.1) 

0 

SN 2004fz 

-5.2 



10.44 (0.05) 

91.4 (0.2) 

0 

SN 2004gs 

0.4 



10.43 (0.05) 

131.3 (0.3) 

0 

SN 2004gu 

-4.7 



10.89 (0.17) 

31.4 (1.6) 

0 

SN 2005M 

-1.4 



10.67 (0.06) 

70.6 (1.3) 

0 

SN 2005W 

0.6 



10.60 (0.05) 

115.6 (0.3) 

0 

SN 2005ag 

0.5 



11.37 (0.05) 

91.0 (1.8) 

0 

SN 2005am 

4.5 



11.15 (0.05) 

116.7 (0.1) 

0 

SN 2005ao 

-1.3 



11.55 (0.05) 

77.4 (0.5) 

0 

SN 2005ao 

0.5 



11.46 (0.05) 

76.4 (0.4) 

0 

SN 2005bc 

1.6 



10.70 (0.05) 

115.5 (0.2) 

0 

SN 2005bl 

-5.6 



10.69 (0.10) 

54.5 (3.5) 

0 

SN 2005cf 

-10.9 

18.79 (0.05) 

53.1 (0.6) 

12.47 (0.05) 

88.8 (0.1) 

0.60 (0.01) 

SN 2005cf 

-2.1 



10.23 (0.05) 

84.3 (0.1) 

0 

SN 2005cf 

-1.2 



10.11 (0.05) 

86.0 (0.1) 

0 

SN 2005cg 

-10.1 

20.83 (0.23) 

21.2 (2.3) 

13.51 (0.22) 

59.3 (2.0) 

0.36 (0.04) 

SN 2005cg 

-9.1 

19.53 (0.09) 

22.5 (0.8) 

12.77 (0.06) 

48.4 (0.2) 

0.46 (0.02) 

SN 2005cg 

-4.3 



12.11 (0.05) 

67.2 (0.3) 

0 

SN 2005cg 

-0.4 



11.56 (0.05) 

75.2 (0.3) 

0 
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Table A3 — Continued 


SN Name 

Phase (d) a 

HVF v (10 3 km s" 1 ) 

HVF pEW (A) 

PVF v (10 3 km s x ) 

PVF pEW (A) 

< 

SN 2005cg 

4.5 



11.33 (0.05) 

80.7 (0.3) 

0 

SN 2005de 

-0.8 



10.23 (0.05) 

102.2 (0.4) 

0 

SN 2005dv 

-0.6 



12.55 (0.05) 

153.7 (0.6) 

0 

SN 2005el 

-6.7 



11.33 (0.05) 

67.3 (0.2) 

0 

SN 2005el 

1.2 



10.46 (0.05) 

89.9 (0.2) 

0 

SN 2005er 

-0.3 



8.74 (0.05) 

98.2 (0.3) 

0 

SN 2005er 

1.7 



9.35 (0.05) 

65.9 (0.3) 

0 

SN 2005eq 

-6.0 



10.30 (0.09) 

61.8 (1.7) 

0 

SN 2005eq 

-3.0 



10.20 (0.05) 

44.3 (0.1) 

0 

SN 2005eq 

0.7 



10.09 (0.05) 

53.3 (0.2) 

0 

SN 2005eu 

-10.1 



11.48 (0.05) 

38.6 (0.2) 

0 

SN 2005eu 

-9.1 



11.26 (0.05) 

36.3 (0.3) 

0 

SN 2005eu 

-5.5 



11.27 (0.05) 

50.2 (0.6) 

0 

SN 2005hj 

-5.2 



10.35 (0.10) 

29.6 (1.4) 

0 

SN 2005hj 

-4.3 



10.69 (0.06) 

26.9 (0.9) 

0 

SN 2005hj 

0.5 



10.55 (0.05) 

44.6 (0.6) 

0 

SN 2005hj 

2.4 



10.62 (0.05) 

42.3 (0.7) 

0 

SN 2005hj 

3.3 



10.62 (0.05) 

51.0 (0.5) 

0 

SN 2005iq 

-5.9 



11.60 (0.05) 

91.9 (0.2) 

0 

SN 2005ki 

1.6 



11.03 (0.05) 

106.7 (0.1) 

0 

SN 20051z 

0.6 



10.11 (0.05) 

112.5 (0.3) 

0 

SN 2005ms 

-1.9 



11.84 (0.05) 

120.8 (0.8) 

0 

SN 2005na 

0.0 



10.55 (0.05) 

72.2 (0.4) 

0 

SN 2005na 

1.0 



10.30 (0.05) 

70.5 (0.6) 

0 

SN 2006D 

3.7 



10.42 (0.05) 

99.3 (0.1) 

0 

SN 2006N 

-1.9 



11.39 (0.05) 

99.2 (0.2) 

0 

SN 2006N 

-0.9 



11.30 (0.05) 

111.6 (0.2) 

0 

SN 2006S 

-3.9 



11.08 (0.05) 

48.6 (1.0) 

0 

SN 2006S 

3.0 



10.71 (0.05) 

73.1 (0.5) 

0 

SN 2006X 

-11.2 

23.07 (0.05) 

45.3 (1.0) 

17.37 (0.05) 

128.0 (16.3) 

0.35 (0.01) 

SN 2006X 

-10.2 

22.89 (0.05) 

42.2 (1.0) 

17.17 (0.05) 

137.3 (0.6) 

0.31 (0.01) 

SN 2006X 

-9.2 

22.41 (0.05) 

48.9 (1.2) 

16.52 (0.05) 

137.2 (30.5) 

0.36 (0.01) 

SN 2006X 

-8.2 

22.15 (0.05) 

44.7 (0.7) 

16.35 (0.05) 

143.8 (3.9) 

0.31 (0.01) 

SN 2006X 

-7.2 

21.55 (0.05) 

50.8 (0.6) 

15.77 (0.05) 

135.4 (4.5) 

0.37 (0.01) 

SN 2006X 

-6.2 

21.43 (0.05) 

39.6 (0.6) 

15.88 (0.05) 

151.4 (0.8) 

0.26 (0.01) 

SN 2006X 

-5.2 

21.01 (0.05) 

39.6 (0.7) 

15.52 (0.05) 

152.6 (10.4) 

0.26 (0.01) 

SN 2006X 

-0.2 

19.67 (0.05) 

26.2 (0.8) 

14.80 (0.05) 

155.5 (9.5) 

0.17 (0.01) 

SN 2006X 

0.8 

19.29 (0.05) 

22.3 (0.7) 

14.59 (0.05) 

158.6 (0.6) 

0.14 (0.01) 

SN 2006X 

1.8 

18.97 (0.05) 

17.9 (0.5) 

14.53 (0.05) 

156.2 (2.3) 

0.11 (0.01) 

SN 2006X 

2.8 



14.57 (0.05) 

179.4 (0.2) 

0 

SN 2006X 

3.2 



14.74 (0.05) 

188.7 (0.1) 

0 

SN 2006ax 

-10.1 



12.25 (0.05) 

87.4 (0.4) 

0 

SN 2006bt 

-5.3 



12.12 (0.05) 

113.6 (0.3) 

0 

SN 2006bt 

-4.5 



11.88 (0.05) 

111.7 (0.4) 

0 

SN 2006bt 

2.3 



10.51 (0.05) 

131.8 (0.3) 

0 

SN 2006bu 

4.2 



11.18 (0.05) 

81.8 (0.7) 

0 

SN 2006bz 

-2.4 



10.85 (0.05) 

101.9 (0.8) 

0 

SN 2006cj 

3.4 



10.93 (0.05) 

71.7 (0.7) 

0 

SN 2006cm 

-1.2 



11.15 (0.05) 

48.3 (0.3) 

0 

SN 2006cp 

-5.3 



14.41 (0.05) 

164.0 (0.3) 

0 

SN 2006cq 

2.0 



10.16 (0.05) 

93.7 (0.8) 

0 

SN 2006cs 

2.3 



10.73 (0.05) 

91.6 (0.5) 

0 

SN 2006cz 

1.1 



11.86 (0.05) 

57.6 (0.4) 

0 

SN 2006dm 

-7.9 



12.25 (0.05) 

103.0 (0.9) 

0 

SN 2006ef 

3.2 



11.81 (0.05) 

140.1 (0.1) 

0 

SN 2006gr 

-8.7 



16.35 (0.05) 

81.4 (0.6) 

0 

SN 2006ej 

-3.7 



12.40 (0.05) 

114.9 (0.2) 

0 

SN 2006em 

4.2 



8.23 (0.05) 

79.1 (0.3) 

0 

SN 2006et 

3.3 



9.91 (0.05) 

73.4 (0.2) 

0 

SN 2006gj 

4.7 



9.91 (0.05) 

123.0 (0.5) 

0 

SN 2006gt 

3.1 



9.83 (0.05) 

120.2 (0.8) 

0 

SN 2006ke 

2.4 



9.10 (0.05) 

66.1 (0.4) 

0 

SN 2006kf 

-9.0 



13.31 (0.05) 

129.1 (0.2) 

0 

SN 2006kf 

-3.1 



11.32 (0.05) 

115.2 (0.1) 

0 

SN 20061e 

-8.7 

20.03 (0.05) 

19.6 (0.2) 

13.05 (0.05) 

64.3 (0.2) 

0.31 (0.01) 
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Table A3 — Continued 


SN Name 

Phase (d) a 

HVF v (10 3 km s" 1 ) 

HVF pEW (A) 

PVF v (10 3 km s x ) 

PVF pEW (A) 

< 

SN 20061f 

-6.3 



11.72 (0.05) 

95.6 (0.1) 

0 

SN 2006or 

-2.8 



11.34 (0.05) 

112.8 (0.3) 

0 

SN 2006os 

-0.9 



12.20 (0.05) 

131.5 (0.5) 

0 

SN 2006qo 

-11.1 



12.24 (0.10) 

21.0 (0.8) 

0 

SN 2006sr 

-2.3 



12.47 (0.05) 

111.2 (0.2) 

0 

SN 2006sr 

2.7 



11.73 (0.05) 

116.0 (0.2) 

0 

SN 2007A 

2.4 



10.60 (0.05) 

89.3 (0.1) 

0 

SN 2007F 

-9.4 



12.14 (0.05) 

64.3 (0.3) 

0 

SN 2007F 

3.2 



10.60 (0.05) 

86.7 (0.2) 

0 

SN 2007N 

0.4 



10.33 (0.05) 

90.4 (0.2) 

0 

SN 20070 

-0.3 



10.00 (0.05) 

75.2 (0.2) 

0 

SN 2007S 

-6.0 



11.07 (0.05) 

41.9 (0.4) 

0 

SN 2007af 

-9.8 



12.28 (0.05) 

99.3 (0.2) 

0 

SN 2007af 

-1.3 



10.62 (0.05) 

110.1 (0.1) 

0 

SN 2007af 

0.2 



10.56 (0.05) 

108.4 (0.3) 

0 

SN 2007af 

2.8 



10.23 (0.05) 

116.8 (0.1) 

0 

SN 2007af 

3.8 



10.08 (0.05) 

111.2 (0.1) 

0 

SN 2007al 

3.4 



8.73 (0.05) 

73.4 (0.5) 

0 

SN 2007ba 

2.1 



9.63 (0.05) 

111.0 (0.7) 

0 

SN 2007bc 

0.6 



9.85 (0.05) 

101.2 (0.2) 

0 

SN 2007bd 

-5.8 



13.36 (0.05) 

108.7 (0.9) 

0 

SN 2007bm 

-7.8 



11.22 (0.05) 

87.9 (0.2) 

0 

SN 2007bz 

1.7 



11.70 (0.05) 

69.9 (0.4) 

0 

SN 2007ca 

-11.1 



12.44 (0.05) 

54.9 (0.6) 

0 

SN 2007ci 

-6.6 



12.26 (0.05) 

117.0 (0.5) 

0 

SN 2007ci 

-1.7 



11.83 (0.05) 

122.7 (0.3) 

0 

SN 2007co 

-4.1 



12.50 (0.05) 

124.1 (0.3) 

0 

SN 2007co 

-0.6 



11.73 (0.05) 

114.4 (0.5) 

0 

SN 2007co 

0.9 



11.51 (0.05) 

121.6 (0.2) 

0 

SN 2007cq 

-5.8 



10.48 (0.05) 

40.2 (0.5) 

0 

SN 2007fb 

2.0 



10.80 (0.05) 

117.3 (0.3) 

0 

SN 2007fr 

-5.8 



11.48 (0.05) 

113.4 (0.8) 

0 

SN 2007fr 

-1.3 



10.74 (0.05) 

118.2 (0.8) 

0 

SN 2007gi 

-7.3 

22.18 (0.05) 

33.8 (0.3) 

16.79 (0.05) 

147.9 (1.4) 

0.23 (0.01) 

SN 2007gi 

-0.4 

20.05 (0.05) 

32.9 (0.4) 

14.87 (0.05) 

151.6 (0.8) 

0.22 (0.01) 

SN 2007gk 

-1.7 



13.66 (0.05) 

171.4 (0.2) 

0 

SN 2007hj 

-1.2 



11.71 (0.05) 

149.3 (0.2) 

0 

SN 20071e 

-10.3 

21.47 (0.05) 

33.6 (0.7) 

15.00 (0.05) 

138.8 (1.1) 

0.24 (0.01) 

SN 20071e 

-9.4 

21.38 (0.05) 

21.3 (0.3) 

14.52 (0.05) 

113.1 (1.1) 

0.19 (0.01) 

SN 2007sl c 

-1.2 



11.37 (0.05) 

125.1 (0.3) 

0 

SN 2007on 

-3.0 



11.46 (0.05) 

117.2 (0.1) 

0 

SN 2007on 

-3.0 



11.52 (0.05) 

119.8 (0.1) 

0 

SN 2007qe 

-6.5 



15.18 (0.05) 

142.5 (0.3) 

0 

SN 2008Z 

-2.3 



11.46 (0.05) 

55.8 (0.2) 

0 

SN 2008ar 

-8.9 

18.48 (0.11) 

27.9 (1.6) 

12.17 (0.09) 

84.4 (0.2) 

0.33 (0.02) 

SN 2008ar 

2.8 



10.34 (0.05) 

92.0 (0.8) 

0 

SN 2008bt 

-1.1 



9.75 (0.05) 

97.6 (1.1) 

0 

SN 2008cl 

4.2 



10.95 (0.05) 

108.9 (1.8) 

0 

SN 2008sl d 

-6.4 



11.03 (0.05) 

69.1 (0.3) 

0 

SN 2008sl d 

-4.4 



10.86 (0.05) 

71.9 (0.9) 

0 

SN 2008sl d 

-3.4 



10.76 (0.05) 

82.1 (0.5) 

0 

SN 2008sl d 

0.5 



10.56 (0.05) 

96.1 (0.5) 

0 

SN 2008sl d 

4.4 



10.39 (0.05) 

96.0 (0.2) 

0 

SN 2008dx 

2.5 



8.85 (0.05) 

90.8 (0.8) 

0 

SN 2008ec 

-0.2 



10.75 (0.05) 

119.4 (0.2) 

0 

SN 2008ei 

3.3 

18.29 (0.05) 

22.5 (0.9) 

13.83 (0.05) 

159.3 (0.2) 

0.14 (0.01) 

SN 2008s5 e 

1.3 



9.13 (0.05) 

53.6 (0.3) 

0 

SN 2008hs 

-7.9 



11.97 (0.05) 

109.5 (0.4) 

0 

SN 2008hs 

-6.3 



11.55 (0.05) 

112.4 (0.4) 

0 

SN 2008hv 

-9.2 

18.82 (0.08) 

35.6 (1.2) 

12.79 (0.07) 

74.8 (0.7) 

0.48 (0.02) 

SN 2009ad 

-3.4 



10.79 (0.05) 

61.0 (0.2) 

0 

SN 2009an 

-5.8 



13.98 (0.05) 

149.2 (0.2) 

0 

SN 2009an 

-3.8 



13.01 (0.05) 

140.2 (0.2) 

0 

SN 2009an 

-2.9 



12.68 (0.05) 

137.2 (0.3) 

0 
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Table A3 — Continued 


SN Name 

Phase (d) a 

HVF v (10 3 km s" 1 ) 

HVF pEW (A) 

PVF v (10 3 km s x ) 

PVF pEW (A) 

< 

SN 2009fx 

-2.2 



10.11 (0.05) 

40.7 (0.7) 

0 

SN 2009ig 

-14.4 

25.10 (0.05) 

59.1 (1.5) 

19.06 (0.08) 

97.5 (0.4) 

0.61 (0.02) 

SN 2009ig 

-14.3 

25.08 (0.05) 

61.0 (1.0) 

19.06 (0.06) 

102.3 (1.1) 

0.60 (0.01) 

SN 2009ig 

-14.2 

25.21 (0.05) 

43.3 (1.6) 

19.66 (0.09) 

122.6 (0.6) 

0.35 (0.01) 

SN 2009ig 

-13.9 

24.08 (0.05) 

72.4 (0.9) 

17.63 (0.05) 

76.5 (1.2) 

0.95 (0.02) 

SN 2009ig 

-13.3 

24.33 (0.05) 

45.6 (0.4) 

18.13 (0.05) 

110.1 (1.0) 

0.41 (0.01) 

SN 2009ig 

-12.4 

23.88 (0.05) 

30.4 (0.5) 

17.61 (0.05) 

104.4 (0.5) 

0.29 (0.01) 

SN 2009ig 

-12.3 

24.02 (0.05) 

28.9 (0.9) 

17.57 (0.06) 

108.6 (0.2) 

0.27 (0.01) 

SN 2009ig 

-11.4 

23.62 (0.05) 

21.3 (0.2) 

16.72 (0.05) 

95.9 (0.2) 

0.22 (0.01) 

SN 2009ig 

-11.3 

23.55 (0.05) 

19.4 (0.2) 

16.60 (0.05) 

96.9 (0.1) 

0.20 (0.01) 

SN 2009ig 

-10.9 

23.14 (0.05) 

14.4 (0.3) 

15.80 (0.05) 

86.4 (0.7) 

0.17 (0.01) 

SN 2009ig 

-10.3 

23.13 (0.05) 

13.3 (0.3) 

15.76 (0.05) 

77.0 (0.1) 

0.17 (0.01) 

SN 2009ig 

-9.9 

22.96 (0.05) 

10.4 (0.3) 

15.08 (0.05) 

82.7 (0.7) 

0.13 (0.01) 

SN 2009ig 

-9.4 

22.90 (0.05) 

9.8 (0.1) 

14.96 (0.05) 

80.8 (1.5) 

0.12 (0.01) 

SN 2009ig 

-8.9 

22.70 (0.05) 

7.8 (0.3) 

14.56 (0.05) 

79.9 (0.4) 

0.10 (0.01) 

SN 2009ig 

-8.4 

22.40 (0.05) 

4.4 (0.2) 

14.89 (0.05) 

87.3 (3.4) 

0.05 (0.01) 

SN 2009ig 

-7.9 



14.46 (0.05) 

80.9 (0.2) 

0 

SN 2009ig 

-6.9 



14.30 (0.05) 

77.6 (0.2) 

0 

SN 2009ig 

-6.9 



14.21 (0.05) 

75.9 (0.2) 

0 

SN 2009ig 

-6.0 



13.87 (0.05) 

78.6 (0.1) 

0 

SN 2009ig 

-6.0 



13.83 (0.05) 

73.0 (0.1) 

0 

SN 2009ig 

-4.0 



13.56 (0.05) 

77.7 (0.2) 

0 

SN 2009ig 

-3.0 



13.60 (0.05) 

77.7 (0.2) 

0 

SN 2009ig 

-2.0 



13.65 (0.05) 

80.7 (0.2) 

0 

SN 2009ig 

-1.0 



13.66 (0.05) 

81.6 (0.2) 

0 

SN 2009ig 

3.4 



13.59 (0.05) 

84.2 (0.2) 

0 

SN 2009ig 

4.3 



13.73 (0.05) 

81.5 (0.3) 

0 

SN 2009no 

2.1 



10.03 (0.05) 

63.5 (0.3) 

0 

SN 2009nq 

-3.1 



10.19 (0.05) 

88.7 (0.1) 

0 

SN 2010Y 

-7.2 



11.03 (0.05) 

90.1 (0.4) 

0 

SN 2010Y 

-3.2 



10.54 (0.05) 

104.8 (0.2) 

0 

PTF lObjs 

-9.8 



14.02 (0.06) 

40.4 (1.1) 

0 

PTF lObjs 

-8.6 



14.09 (0.06) 

38.3 (1.0) 

0 

PTF lObjs 

-7.4 



14.02 (0.05) 

40.0 (0.5) 

0 

PTF lObjs 

-6.6 



13.96 (0.05) 

46.4 (0.6) 

0 

PTF lObjs 

-5.5 



14.03 (0.05) 

44.7 (0.8) 

0 

PTF lObjs 

-1.8 



13.79 (0.05) 

55.6 (0.3) 

0 

PTF lObjs 

0.2 



13.79 (0.05) 

60.3 (0.3) 

0 

SN 2010ai 

-10.5 



13.60 (0.05) 

94.1 (0.8) 

0 

SN 2010ai 

-8.6 



12.44 (0.05) 

89.6 (0.3) 

0 

SN 2010ai 

-3.7 



11.34 (0.05) 

99.8 (0.2) 

0 

SN 2010ai 

-0.8 



11.08 (0.05) 

104.0 (0.2) 

0 

PTF lOfps 

0.0 



9.93 (0.05) 

105.8 (0.4) 

0 

PTF lOfps 

0.9 



9.90 (0.05) 

103.6 (0.6) 

0 

PTF lOfps 

3.9 



9.56 (0.05) 

105.9 (0.6) 

0 

SN 2010dm 

-6.5 

17.73 (0.11) 

3.6 (0.5) 

11.78 (0.07) 

35.9 (0.6) 

0.10 (0.01) 

PTF lOicb 

-9.8 



12.00 (0.05) 

62.7 (0.3) 

0 

SN 2010ex 

1.1 



10.89 (0.05) 

80.3 (0.3) 

0 

PTF lOqjl 

-3.0 



11.01 (0.05) 

59.9 (0.5) 

0 

SN 2010ii 

-6.1 



14.16 (0.05) 

108.5 (0.3) 

0 

SN 2010ii 

-0.5 



12.24 (0.05) 

105.7 (0.2) 

0 

SN 2010it 

-9.5 



15.10 (0.05) 

131.8 (0.4) 

0 

SN 2010it 

-8.5 



14.29 (0.05) 

105.0 (0.3) 

0 

SN 2010it 

-6.6 



13.45 (0.05) 

89.8 (0.4) 

0 

SN 2010it 

-2.6 



12.20 (0.05) 

80.2 (0.3) 

0 

SN 2010it 

-0.6 



12.13 (0.05) 

107.4 (0.4) 

0 

SN 2010it 

3.3 



11.55 (0.05) 

100.7 (0.3) 

0 

PTF lOygu 

-3.7 

20.73 (0.14) 

43.8 (3.4) 

14.43 (0.20) 

87.7 (2.7) 

0.50 (0.04) 

SN 2010iw 

-4.9 

17.16 (0.07) 

4.4 (0.2) 

10.50 (0.05) 

37.6 (0.2) 

0.12 (0.01) 

SN 2010iw 

-3.0 



10.39 (0.05) 

44.3 (0.4) 

0 

SN 2010iw 

-0.1 



10.36 (0.05) 

53.3 (0.3) 

0 

SN 2010iw 

3.9 



10.22 (0.05) 

63.3 (0.2) 

0 

SN 2010kg 

-9.9 

21.98 (0.05) 

56.6 (1.8) 

16.68 (0.09) 

96.2 (0.7) 

0.59 (0.02) 

SN 2010kg 

-9.0 

21.84 (0.05) 

30.4 (1.6) 

17.05 (0.09) 

126.4 (3.1) 

0.24 (0.01) 

SN 2010kg 

-8.0 

20.95 (0.05) 

48.4 (1.2) 

15.70 (0.06) 

103.8 (2.0) 

0.47 (0.01) 
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Table A3 — Continued 


SN Name 

Phase (d) a 

HVF v (10 3 km s" 1 ) 

HVF pEW (A) 

PVF v (10 3 km s x ) 

PVF pEW (A) 


SN 2010kg 

-6.0 

20.52 (0.05) 

33.1 (0.9) 

15.32 (0.05) 

120.3 (4.1) 

0.28 (0.01) 

SN 2010kg 

-5.0 

19.81 (0.05) 

43.4 (1.0) 

14.30 (0.05) 

107.1 (21.3) 

0.40 (0.01) 

SN 2010kg 

-4.1 

19.77 (0.05) 

36.8 (0.6) 

14.22 (0.05) 

114.2 (17.6) 

0.32 (0.01) 

SN 2010kg 

-3.1 

19.64 (0.05) 

32.7 (0.7) 

14.09 (0.05) 

118.2 (24.5) 

0.28 (0.01) 

SN 2010kg 

-1.1 

19.17 (0.05) 

28.2 (0.4) 

13.58 (0.05) 

122.2 (0.9) 

0.23 (0.01) 

SN 2010kg 

-0.1 

19.17 (0.05) 

28.6 (0.4) 

13.51 (0.05) 

122.8 (3.1) 

0.23 (0.01) 

SN 2010kg 

0.9 

18.72 (0.05) 

28.1 (0.8) 

13.08 (0.05) 

128.2 (5.4) 

0.22 (0.01) 

SN 2010kg 

2.8 

18.45 (0.05) 

30.7 (0.4) 

12.71 (0.05) 

124.8 (91.4) 

0.25 (0.01) 

SN 2010kg 

4.8 

18.16 (0.05) 

32.4 (0.5) 

12.49 (0.05) 

123.1 (1.5) 

0.26 (0.01) 

SN 201 lao 

-7.5 

17.52 (0.11) 

38.8 (1.4) 

11.71 (0.14) 

41.4 (4.2) 

0.94 (0.05) 

SN 201 lao 

-6.7 

17.35 (0.09) 

32.9 (0.9) 

11.37 (0.09) 

40.2 (9.5) 

0.82 (0.03) 

SN 201 lao 

-5.8 

17.40 (0.07) 

27.2 (0.6) 

11.21 (0.06) 

42.4 (1.2) 

0.64 (0.02) 

SN 201 lao 

-4.8 

17.19 (0.06) 

22.1 (0.5) 

10.88 (0.05) 

45.0 (1.0) 

0.49 (0.01) 

SN 201 lao 

-1.8 

16.99 (0.05) 

9.0 (0.2) 

10.41 (0.05) 

57.1 (1.0) 

0.16 (0.01) 

SN 201 lao 

-0.8 

16.68 (0.05) 

6.2 (0.2) 

10.28 (0.05) 

60.2 (21.3) 

0.10 (0.01) 

SN 201 lao 

0.2 

17.35 (0.11) 

4.4 (0.3) 

10.34 (0.05) 

66.4 (0.6) 

0.07 (0.01) 

SN 201 lao 

1.2 



10.36 (0.05) 

70.2 (0.3) 

0 

SN 201 lao 

2.2 



10.16 (0.05) 

72.2 (0.2) 

0 

SN 201 lao 

3.2 



10.02 (0.05) 

73.9 (0.4) 

0 

SN 201 lby 

-11.7 



11.95 (0.05) 

75.3 (0.1) 

0 

SN 201 lby 

-9.8 



11.42 (0.05) 

68.0 (0.1) 

0 

SN 201 lby 

-5.7 



10.81 (0.05) 

70.6 (0.1) 

0 

SN 201 lby 

-3.8 



10.55 (0.05) 

78.2 (0.1) 

0 

SN 201 lby 

0.2 



10.27 (0.05) 

88.6 (0.1) 

0 

SN 201 lby 

0.3 



10.29 (0.05) 

90.3 (0.2) 

0 

SN 201 lby 

2.3 



10.20 (0.05) 

92.7 (0.2) 

0 

SN 201 lby 

4.2 



10.02 (0.05) 

93.6 (0.1) 

0 

SN 2011dm 

-5.5 



13.62 (0.05) 

104.7 (0.1) 

0 

SN 201 lek 

-6.0 



13.75 (0.05) 

145.2 (0.1) 

0 

SN 201 lek 

-5.0 



13.36 (0.05) 

148.2 (0.1) 

0 

SN 201 lek 

3.0 



11.75 (0.05) 

150.7 (0.1) 

0 

SN 201 lfe 

-16.0 

20.16 (0.05) 

22.7 (0.9) 

15.53 (0.06) 

69.1 (6.0) 

0.33 (0.01) 

SN 201 lfe 

-15.0 



14.73 (0.05) 

101.0 (0.4) 

0 

SN 201 lfe 

-15.0 



15.20 (0.05) 

103.8 (0.3) 

0 

SN 201 lfe 

-13.0 



13.14 (0.05) 

98.3 (0.2) 

0 

SN 201 lfe 

-12.0 



13.01 (0.05) 

107.5 (0.1) 

0 

SN 201 lfe 

-11.0 



12.09 (0.05) 

98.7 (0.2) 

0 

SN 201 lfe 

-10.0 



11.77 (0.05) 

96.9 (0.1) 

0 

SN 201 lfe 

-10.0 



11.68 (0.05) 

87.9 (0.2) 

0 

SN 201 lfe 

-9.0 



11.23 (0.05) 

85.7 (0.3) 

0 

SN 201 lfe 

-9.0 



11.34 (0.05) 

95.1 (0.1) 

0 

SN 201 lfe 

-7.0 



11.21 (0.05) 

85.0 (0.1) 

0 

SN 201 lfe 

-2.0 



10.53 (0.05) 

97.0 (0.1) 

0 

SN 201 lfe 

-1.0 



10.58 (0.05) 

98.7 (0.1) 

0 

SN 201 lfe 

2.0 



10.44 (0.05) 

103.2 (0.1) 

0 

SN 201 lfe 

3.0 



10.26 (0.05) 

103.1 (0.1) 

0 

SN 201 lgy 

-1.1 



11.41 (0.05) 

105.5 (0.1) 

0 

SN 2011hb 

-5.8 

17.77 (0.13) 

23.8 (1.4) 

11.90 (0.10) 

61.7 (1.2) 

0.39 (0.02) 

SN 2011hb 

-2.9 



11.80 (0.05) 

78.8 (0.4) 

0 

SN 2011hb 

3.0 



10.74 (0.05) 

86.4 (0.4) 

0 

SN 2011ia 

-3.0 



10.68 (0.05) 

63.2 (0.2) 

0 

SN 20121 

-1.0 



10.95 (0.05) 

102.1 (0.2) 

0 

SN 2012bh 

0.0 



10.36 (0.05) 

85.5 (0.2) 

0 

SN 2012cg 

-14.7 

22.27 (0.14) 

47.8 (1.9) 

17.22 (0.19) 

3.3 (5.1) 

14.54 (4.88) 

SN 2012cg 

-13.8 

22.07 (0.05) 

15.9 (0.9) 

17.05 (0.09) 

61.5 (3.7) 

0.26 (0.02) 

SN 2012cg 

-12.8 

19.02 (0.13) 

47.2 (1.8) 

13.48 (0.13) 

46.7 (4.8) 

1.01 (0.06) 

SN 2012cg 

-11.8 

18.92 (0.06) 

32.2 (0.8) 

13.21 (0.06) 

59.5 (0.8) 

0.54 (0.02) 

SN 2012cg 

-10.5 

17.85 (0.17) 

31.0 (1.6) 

12.27 (0.11) 

43.7 (8.7) 

0.71 (0.04) 

SN 2012cg 

-9.6 

18.07 (0.17) 

15.3 (1.1) 

12.21 (0.10) 

45.2 (21.4) 

0.34 (0.03) 

SN 2012cg 

-7.8 



11.88 (0.05) 

24.7 (0.2) 

0 

SN 2012cg 

-6.8 



11.34 (0.05) 

50.4 (0.2) 

0 

SN 2012cg 

-4.8 



10.94 (0.05) 

53.8 (0.1) 

0 

SN 2012cg 

-3.8 



10.89 (0.05) 

51.9 (0.1) 

0 

SN 2012cg 

-3.8 



11.04 (0.05) 

55.7 (0.2) 

0 

SN 2012cg 

-0.5 



10.58 (0.05) 

63.2 (0.2) 

0 
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Table A3 — Continued 


SN Name Phase (d) a HVF v (10 3 km s” 1 ) 

HVF pEW (A) PVF v (10 3 km s" 1 ) 

PVF pEW (A) 

R 

b 

Si 

SN 2012da 

-1.0 





11.11 

(0.05) 

79.5 

(0.2) 


0 

SN 2012fr 

-14.4 

23.61 

(0.05) 

159.8 

(1.0) 







SN 2012fr 

-14.1 

23.67 

(0.05) 

192.8 

(o.i) 







SN 2012fr 

-12.6 

22.43 

(0.05) 

124.6 

(0.4) 

14.00 

(0.05) 

26.0 (40.1) 

4.79 

(0.06) 

SN 2012fr 

-12.4 

22.26 

(0.05) 

119.1 

(0.4) 

13.80 

(0.05) 

24.6 

(0.1) 

4.85 

(0.07) 

SN 2012fr 

-11.4 

21.91 

(0.05) 

94.3 

(0.3) 

13.22 

(0.05) 

26.7 

(2.2) 

3.53 

(0.03) 

SN 2012fr 

-9.3 

21.25 

(0.05) 

38.2 

(0.3) 

13.12 

(0.05) 

44.6 

(0.2) 

0.86 

(0.01) 

SN 2012fr 

-8.4 

21.13 

(0.05) 

32.0 

(0.3) 

12.92 

(0.05) 

45.3 

(0.2) 

0.71 

(0.01) 

SN 2012fr 

-8.2 

20.93 

(0.05) 

29.9 

(0.2) 

12.87 

(0.05) 

45.4 

(0.3) 

0.66 

(0.01) 

SN 2012fr 

-7.6 

20.58 

(0.05) 

24.1 

(o.i) 

12.46 

(0.05) 

47.9 

(0.8) 

0.50 

(0.01) 

SN 2012fr 

-7.5 

20.60 

(0.05) 

25.2 

(0.2) 

12.75 

(0.05) 

46.8 

(0.6) 

0.54 

(0.01) 

SN 2012fr 

-6.7 

20.38 

(0.06) 

17.2 

(0.4) 

12.64 

(0.05) 

52.8 

(8.7) 

0.33 

(0.01) 

SN 2012fr 

-6.6 

20.11 

(0.05) 

15.1 

(o.i) 

12.28 

(0.05) 

53.8 

(4.5) 

0.28 

(0.01) 

SN 2012fr 

-6.4 

20.50 

(0.05) 

17.9 

(0.4) 

12.70 

(0.05) 

53.2 

(0.1) 

0.34 

(0.01) 

SN 2012fr 

-5.6 

20.63 

(0.05) 

16.1 

(0.2) 

12.58 

(0.05) 

55.9 (11.7) 

0.29 

(0.01) 

SN 2012fr 

-4.7 

19.69 

(0.07) 

9.8 

(0.3) 

12.49 

(0.05) 

56.9 

(4.1) 

0.17 

(0.01) 

SN 2012fr 

-4.6 

19.85 

(0.05) 

8.5 

(o.i) 

12.33 

(0.05) 

57.7 

(3.2) 

0.15 

(0.01) 

SN 2012fr 

-3.7 

19.00 

(0.11) 

7.7 

(0.4) 

12.40 

(0.05) 

57.9 

(1.9) 

0.13 

(0.01) 

SN 2012fr 

-3.6 

18.76 

(0.05) 

4.7 

(o.i) 

12.06 

(0.05) 

56.7 

(1.0) 

0.08 

(0.01) 

SN 2012fr 

-2.5 





12.41 

(0.05) 

64.0 

(0.2) 


0 

SN 2012fr 

-2.4 





12.53 

(0.05) 

61.4 

(0.2) 


0 

SN 2012fr 

-1.4 





12.48 

(0.05) 

59.7 

(0.1) 


0 

SN 2012fr 

-1.3 





12.42 

(0.05) 

59.2 

(0.1) 


0 

SN 2012fr 

-0.3 





12.42 

(0.05) 

60.8 

(0.1) 


0 

SN 2012fr 

0.4 





12.15 

(0.05) 

63.4 

(0.1) 


0 

SN 2012fr 

0.7 





12.51 

(0.05) 

62.3 

(0.1) 


0 

SN 2012fr 

1.3 





12.48 

(0.05) 

63.6 

(0.3) 


0 

SN 2012fr 

1.7 





12.36 

(0.05) 

61.1 

(0.1) 


0 

SN 2012fr 

2.3 





12.29 

(0.05) 

61.1 

(0.1) 


0 

SN 2012fr 

3.2 





12.52 

(0.05) 

64.9 

(0.3) 


0 

SN 2012fr 

4.5 





12.48 

(0.05) 

62.1 

(0.1) 


0 

SN 2013cs 

-8.9 





14.03 

(0.05) 

142.9 

(0.2) 


0 

SN 2013cs 

-3.0 





12.81 

(0.05) 

146.3 

(0.1) 


0 

SN 2013di 

-1.6 





11.46 

(0.05) 

85.6 

(0.3) 


0 

a Phases are in rest-frame days. 

kfisi is the ratio of the pEW of the HVF to the pEW of the PVF, as defined by Childress et al. (2014). 
c Also known as SNF20071021-000. 
d Also known as SNF20080514-002. 
e Also known as SNF20080909-030. 


Table A4: CaIR3 Fit Results 


SN Name 

Phase (d) a 

HVF v (10 3 km s" 1 ) 

HVF pEW (A) 

PVF v (10 3 km s x ) 

PVF pEW (A) 

pb 

^CalRS 

SN 1989M 

2.5 



13.33 (0.05) 

197.1 (0.2) 

0 

SN 1989M 

3.5 



13.00 (0.05) 

209.9 (0.2) 

0 

SN 1991bg 

1.1 



11.84 (0.05) 

268.8 (1.2) 

0 

SN 1994D 

-7.7 

20.85 (0.05) 

41.7 (0.2) 

10.01 (0.05) 

37.7 (0.8) 

1.11 (0.02) 

SN 1994D 

-3.9 

20.37 (0.05) 

21.5 (0.2) 

10.22 (0.05) 

48.4 (1.9) 

0.44 (0.02) 

SN 1994D 

-3.3 

20.77 (0.05) 

21.3 (0.2) 

10.51 (0.05) 

64.1 (2.2) 

0.33 (0.01) 

SN 1994S 

1.1 

18.12 (0.06) 

31.3 (1.2) 

10.14 (0.06) 

109.1 (6.9) 

0.29 (0.02) 

SN 1995D 

3.8 

17.73 (0.05) 

55.0 (0.3) 

10.06 (0.05) 

104.8 (2.0) 

0.52 (0.01) 

SN 1995E 

-2.5 

19.22 (0.05) 

56.2 (0.3) 

10.48 (0.05) 

91.0 (1.3) 

0.62 (0.01) 

SN 1997Y 

1.3 

16.50 (0.13) 

28.1 (2.0) 

10.10 (0.10) 

94.3 (10.5) 

0.30 (0.04) 

SN 1997do 

-5.7 

23.78 (0.05) 

164.5 (0.3) 

12.69 (0.05) 

36.0 (0.6) 

4.57 (0.07) 

SN 1998dk 

-7.2 

25.15 (0.05) 

155.6 (1.1) 

14.12 (0.21) 

94.2 (10.5) 

1.65 (0.18) 

SN 1998dk 

-0.5 

18.21 (0.05) 

30.8 (0.5) 

12.08 (0.05) 

103.5 (2.8) 

0.30 (0.01) 

SN 1998dm 

-12.5 

21.63 (0.05) 

97.8 (0.2) 

11.46 (0.05) 

51.7 (0.9) 

1.89 (0.03) 

SN 1998dm 

-5.6 

20.18 (0.05) 

32.1 (0.2) 

10.97 (0.05) 

47.3 (0.7) 

0.68 (0.01) 

SN 1998ef 

-8.6 

21.51 (0.08) 

147.2 (2.1) 

12.62 (0.10) 

79.9 (6.9) 

1.84 (0.16) 

SN 1998es 

0.3 

19.80 (0.05) 

40.1 (0.2) 

9.93 (0.05) 

40.6 (0.9) 

0.99 (0.02) 

SN 1999aa 

0.2 

18.91 (0.05) 

37.8 (0.4) 

10.22 (0.05) 

31.2 (1.7) 

1.21 (0.07) 

SN 1999ac 

-0.9 

17.71 (0.05) 

106.2 (0.3) 

9.62 (0.05) 

58.6 (1.5) 

1.81 (0.05) 

SN 1999cp 

4.9 



10.61 (0.05) 

184.7 (0.2) 

0 


Continued on next page 
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Table A4 — Continued 


SN Name 

Phase (d) a 

HVF v (10 3 km s" 1 ) 

HVF pEW (A) 

PVF v (10 3 km s x ) 

PVF pEW (A) 

ob 

^CalRS 

SN 1999da 

-2.1 



14.48 (0.05) 

377.7 (0.4) 

0 

SN 1999dk 

-6.6 

22.06 (0.05) 

109.3 (0.3) 

13.05 (0.05) 

113.9 (2.0) 

0.96 (0.02) 

SN 1999dq 

-3.9 

23.01 (0.05) 

15.6 (0.6) 

11.71 (0.16) 

25.1 (2.5) 

0.62 (0.07) 

SN 1999dq 

3.0 

19.76 (0.05) 

57.7 (0.2) 

10.61 (0.05) 

49.4 (1.0) 

1.17 (0.02) 

SN 1999gd 

-1.1 



11.42 (0.05) 

165.0 (1.0) 

0 

SN 1999gh 

4.1 



10.76 (0.05) 

303.3 (0.6) 

0 

SN 2000cp 

2.9 



11.56 (0.05) 

281.5 (2.0) 

0 

SN 2000cw 

4.8 



11.72 (0.05) 

302.4 (1.4) 

0 

SN 2000dg 

-5.1 

21.68 (0.07) 

24.7 (0.3) 

10.47 (0.08) 

69.7 (4.9) 

0.35 (0.03) 

SN 2000dg 

4.7 



10.65 (0.05) 

106.3 (1.1) 

0 

SN 2000dk 

1.0 



11.90 (0.05) 

249.3 (0.5) 

0 

SN 2000dm 

-1.6 

17.35 (0.05) 

36.9 (0.7) 

10.27 (0.05) 

102.2 (3.3) 

0.36 (0.01) 

SN 2000dn 

-5.6 

18.21 (0.32) 

49.7 (6.2) 

9.53 (0.44) 

90.6 (31.0) 

0.55 (0.20) 

SN 2000dn 

-0.9 

16.28 (0.07) 

81.1 (2.5) 

9.49 (0.08) 

138.4 (8.5) 

0.59 (0.04) 

SN 2000dx 

-9.3 

23.35 (0.05) 

367.1 (5.4) 




SN 2000fa 

-8.3 

23.85 (0.05) 

158.5 (0.7) 

12.62 (0.07) 

35.4 (2.4) 

4.47 (0.30) 

SN 2001az 

-3.2 

20.98 (0.08) 

32.2 (1.2) 

9.76 (0.13) 

82.9 (8.7) 

0.39 (0.04) 

SN 2001bf 

1.2 

14.97 (0.05) 

36.4 (0.4) 

7.57 (0.05) 

40.8 (1.7) 

0.89 (0.04) 

SN 2001br 

3.5 



12.88 (0.05) 

239.6 (4.0) 

0 

SN 2001cp 

1.4 

18.20 (0.06) 

43.0 (0.9) 

10.62 (0.06) 

84.5 (5.2) 

0.51 (0.03) 

SN 2001da 

-1.1 

19.90 (0.05) 

113.5 (1.0) 

10.89 (0.11) 

138.2 (7.3) 

0.82 (0.04) 

SN 2001eh 

-4.5 

20.70 (0.05) 

31.8 (1.0) 

8.57 (0.12) 

18.8 (3.0) 

1.69 (0.28) 

SN 2001eh 

3.3 

17.81 (0.05) 

69.9 (0.7) 

10.13 (0.05) 

48.1 (1.9) 

1.45 (0.06) 

SN 2001ep 

2.8 



11.51 (0.05) 

249.6 (0.3) 

0 

SN 2001ex 

-1.8 



11.21 (0.05) 

335.0 (2.4) 

0 

SN 2001fe 

-1.0 

17.02 (0.08) 

10.9 (0.6) 

10.96 (0.06) 

46.7 (4.1) 

0.23 (0.02) 

SN 2002aw 

2.1 



8.77 (0.09) 

122.8 (3.0) 

0 

SN 2002bf 

3.0 

17.36 (0.05) 

152.2 (0.5) 

10.67 (0.05) 

96.7 (2.1) 

1.57 (0.03) 

SN 2002bo 

-11.9 

24.88 (0.09) 

246.7 (4.2) 

16.01 (0.10) 

123.9 (19.2) 

1.99 (0.31) 

SN 2002bo 

-1.1 

16.52 (0.05) 

130.2 (1.5) 

10.13 (0.09) 

109.6 (4.9) 

1.19 (0.05) 

SN 2002cd 

1.1 

15.28 (0.05) 

158.2 (0.3) 




SN 2002cf 

-0.8 



12.18 (0.05) 

275.9 (0.6) 

0 

SN 2002ck 

3.6 

17.01 (0.06) 

50.6 (1.1) 

10.26 (0.05) 

96.5 (8.6) 

0.52 (0.05) 

SN 2002cr 

-6.8 

17.97 (0.05) 

58.5 (0.8) 

9.59 (0.07) 

92.3 (3.5) 

0.63 (0.03) 

SN 2002cr 

-5.8 

16.67 (0.23) 

44.8 (5.1) 

8.62 (0.55) 

76.5 (26.8) 

0.59 (0.22) 

SN 2002cr 

-3.9 

15.85 (0.36) 

46.4 (6.3) 

8.81 (0.38) 

71.4 (24.0) 

0.65 (0.24) 

SN 2002cs 

-7.8 

21.12 (0.05) 

31.8 (0.5) 

14.08 (0.05) 

79.8 (2.9) 

0.40 (0.02) 

SN 2002dj 

-8.0 

24.19 (0.05) 

149.3 (0.9) 

14.57 (0.09) 

127.4 (6.3) 

1.17 (0.06) 

SN 2002dk 

-1.2 

19.50 (0.05) 

101.4 (3.8) 

12.61 (0.43) 

264.4 (24.5) 

0.38 (0.04) 

SN 2002eb 

1.7 

19.58 (0.05) 

56.1 (0.5) 

9.49 (0.05) 

55.5 (1.5) 

1.01 (0.03) 

SN 2002ef 

4.7 



11.94 (0.05) 

192.8 (1.7) 

0 

SN 2002er 

-4.6 

20.07 (0.05) 

105.7 (0.2) 

11.32 (0.05) 

118.8 (0.9) 

0.89 (0.01) 

SN 2002eu 

-0.1 



11.63 (0.05) 

214.8 (1.2) 

0 

SN 2002fb 

1.0 



11.65 (0.05) 

270.2 (0.7) 

0 

SN 2002ha 

-0.9 

17.17 (0.05) 

49.4 (0.8) 

10.28 (0.05) 

94.6 (2.7) 

0.52 (0.02) 

SN 2002ha 

4.9 



10.99 (0.05) 

236.7 (0.6) 

0 

SN 2002he 

-5.9 

20.77 (0.07) 

30.7 (1.2) 

12.43 (0.14) 

105.5 (8.7) 

0.29 (0.03) 

SN 2002he 

-1.0 

18.40 (0.07) 

28.0 (1.5) 

11.77 (0.11) 

126.0 (9.3) 

0.22 (0.02) 

SN 2002he 

0.3 



12.40 (0.05) 

194.0 (0.6) 

0 

SN 2002he 

3.2 



12.02 (0.05) 

226.6 (0.6) 

0 

SN 2002hu 

-5.8 

20.13 (0.05) 

80.2 (0.7) 

9.32 (0.06) 

41.1 (2.2) 

1.95 (0.11) 

SN 2002hw 

-6.3 



12.64 (0.05) 

175.6 (0.6) 

0 

SN 2003U 

-2.6 



12.39 (0.05) 

192.2 (1.3) 

0 

SN 2003W 

-7.0 

21.87 (0.07) 

202.8 (4.1) 




SN 2003W 

-6.0 

20.57 (0.06) 

178.6 (3.7) 




SN 2003W 

-5.1 

20.15 (0.05) 

257.0 (1.4) 




SN 2003Y 

-1.7 



12.87 (0.05) 

291.7 (1.0) 

0 

SN 2003cq 

-0.2 

18.53 (0.13) 

51.9 (3.6) 

10.71 (0.31) 

124.2 (21.7) 

0.42 (0.08) 

SN 2003gn 

-5.4 

21.66 (0.05) 

181.0 (3.1) 

11.55 (0.19) 

76.2 (11.6) 

2.38 (0.36) 

SN 2003gn 

3.3 



10.48 (0.16) 

338.1 (16.0) 

0 

SN 2003gt 

-5.1 

22.23 (0.05) 

26.4 (0.5) 

11.02 (0.05) 

57.0 (2.6) 

0.46 (0.02) 

SN 2003he 

2.7 

17.58 (0.06) 

49.1 (1.9) 

10.15 (0.14) 

158.7 (13.0) 

0.31 (0.03) 

SN 2003hs 

-5.5 

16.12 (0.06) 

307.6 (4.1) 




SN 2003iv 

1.8 



10.47 (0.05) 

213.4 (0.8) 

0 

SN 2003kf 

-7.5 

22.94 (0.05) 

89.9 (0.1) 

11.39 (0.05) 

41.8 (0.6) 

2.15 (0.03) 
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Table A4 — Continued 


SN Name 

Phase (d) a 

HVF v (10 3 km s" 1 ) 

HVF pEW (A) 

PVF v (10 3 km s x ) 

PVF pEW (A) 

ob 

^CalRS 

SN 2004as 

-4.4 

20.43 (0.05) 

111.9 (2.1) 

12.59 (0.17) 

128.5 (11.6) 

0.87 (0.08) 

SN 2004bl 

4.6 



11.80 (0.05) 

166.6 (1.7) 

0 

SN 2004bw 

-7.1 

21.35 (0.22) 

115.0 (7.6) 

11.79 (0.49) 

65.4 (21.8) 

1.76 (0.60) 

SN 2004dt 

-6.5 

20.54 (0.05) 

44.1 (0.6) 

11.69 (0.08) 

53.8 (3.7) 

0.82 (0.06) 

SN 2004dt 

1.4 



10.96 (0.05) 

130.3 (1.1) 

0 

SN 2004ef 

-5.5 

22.24 (0.05) 

101.7 (1.6) 

11.95 (0.49) 

99.2 (19.2) 

1.03 (0.20) 

SN 2004eo 

-5.6 

18.20 (0.05) 

102.2 (0.7) 

9.68 (0.05) 

76.2 (1.9) 

1.34 (0.03) 

SN 2004ey 

-7.6 

21.93 (0.05) 

90.1 (0.2) 

10.91 (0.05) 

46.3 (0.7) 

1.95 (0.03) 

SN 2004fu 

-2.7 

19.54 (0.05) 

89.6 (0.5) 

12.00 (0.05) 

115.0 (2.3) 

0.78 (0.02) 

SN 2004fu 

2.4 



12.50 (0.05) 

230.3 (0.2) 

0 

SN 2004fz 

-5.2 

18.59 (0.05) 

36.7 (0.5) 

10.39 (0.05) 

75.6 (2.1) 

0.49 (0.01) 

SN 2004gs 

0.4 



11.43 (0.05) 

249.1 (1.0) 

0 

SN 2005W 

0.6 



11.70 (0.05) 

212.6 (0.7) 

0 

SN 2005am 

4.5 



11.41 (0.05) 

223.2 (0.2) 

0 

SN 2005ao 

-1.3 

16.62 (0.16) 

22.8 (2.9) 

11.48 (0.13) 

72.7 (12.5) 

0.31 (0.07) 

SN 2005ao 

0.5 

19.61 (0.10) 

32.1 (1.9) 

11.36 (0.14) 

118.7 (14.4) 

0.27 (0.04) 

SN 2005bc 

1.6 



11.79 (0.05) 

205.1 (0.4) 

0 

SN 2005cf 

-10.9 

25.12 (0.05) 

216.5 (4.1) 

16.01 (0.09) 

189.9 (13.3) 

1.14 (0.08) 

SN 2005cf 

-2.1 

20.66 (0.05) 

141.9 (0.3) 

9.80 (0.05) 

67.3 (1.6) 

2.11 (0.05) 

SN 2005cf 

-1.2 

20.13 (0.05) 

125.3 (0.4) 

9.92 (0.05) 

62.6 (1.2) 

2.00 (0.04) 

SN 2005cg 

-10.1 

24.56 (0.18) 

108.3 (17.9) 

11.66 (5.94) 

78.2 (0.1) 

1.38 (1.94) 

SN 2005cg 

-9.1 

23.46 (0.05) 

109.8 (1.2) 

10.63 (0.32) 

32.5 (6.2) 

3.38 (0.64) 

SN 2005cg 

-4.3 

21.91 (0.05) 

78.9 (0.9) 

10.79 (0.21) 

35.8 (5.1) 

2.21 (0.32) 

SN 2005cg 

-0.4 

20.45 (0.05) 

65.3 (0.9) 

11.03 (0.09) 

49.6 (3.9) 

1.32 (0.10) 

SN 2005cg 

4.5 

19.20 (0.06) 

59.5 (1.4) 

11.02 (0.10) 

95.6 (7.3) 

0.62 (0.05) 

SN 2005de 

-0.8 

17.97 (0.05) 

65.9 (1.6) 

10.16 (0.08) 

113.7 (5.9) 

0.58 (0.03) 

SN 2005dv 

-0.6 



13.34 (0.05) 

258.8 (1.3) 

0 

SN 2005el 

-6.7 

20.77 (0.05) 

45.3 (0.3) 

11.23 (0.06) 

52.2 (2.0) 

0.87 (0.03) 

SN 2005el 

1.2 

17.77 (0.05) 

36.5 (0.7) 

10.11 (0.05) 

93.2 (4.2) 

0.39 (0.02) 

SN 2005er 

-0.3 



13.42 (0.05) 

396.9 (0.3) 

0 

SN 2005er 

1.7 



12.83 (0.05) 

358.2 (0.4) 

0 

SN 2005eq 

-3.0 

20.58 (0.05) 

37.5 (0.2) 

9.31 (0.05) 

13.3 (0.7) 

2.82 (0.16) 

SN 2005eq 

0.7 

19.24 (0.05) 

46.5 (0.5) 

9.53 (0.07) 

34.2 (2.3) 

1.36 (0.09) 

SN 2005eu 

-10.1 

23.59 (0.05) 

18.4 (0.2) 




SN 2005hj 

3.3 

16.63 (0.31) 

26.5 (3.0) 

9.86 (0.39) 

48.1 (18.5) 

0.55 (0.22) 

SN 2005iq 

-5.9 

19.54 (0.05) 

63.5 (0.5) 

10.78 (0.05) 

80.6 (2.1) 

0.79 (0.02) 

SN 2005ki 

1.6 

18.36 (0.05) 

23.0 (0.2) 

10.65 (0.05) 

72.5 (1.7) 

0.32 (0.01) 

SN 20051z 

0.6 



10.42 (0.05) 

159.5 (0.7) 

0 

SN 2005ms 

-1.9 



13.58 (0.05) 

205.6 (3.1) 

0 

SN 2005na 

0.0 

19.20 (0.17) 

16.2 (1.0) 

10.04 (0.11) 

45.6 (7.4) 

0.36 (0.06) 

SN 2005na 

1.0 



10.27 (0.11) 

158.0 (4.1) 

0 

SN 2006D 

3.7 



12.20 (0.05) 

207.9 (0.3) 

0 

SN 2006N 

-1.9 



11.89 (0.05) 

85.4 (0.6) 

0 

SN 2006N 

-0.9 



11.74 (0.05) 

153.0 (0.7) 

0 

SN 2006S 

-3.9 

20.05 (0.26) 

96.6 (5.7) 

9.37 (0.96) 

49.2 (42.4) 

1.96 (1.70) 

SN 2006S 

3.0 

18.68 (0.05) 

83.0 (1.1) 

9.76 (0.08) 

96.0 (6.7) 

0.87 (0.06) 

SN 2006X 

-11.2 

32.29 (0.05) 

270.2 (1.6) 

19.92 (0.07) 

287.7 (9.9) 

0.94 (0.03) 

SN 2006X 

-10.2 

31.74 (0.05) 

253.0 (2.5) 

19.82 (0.11) 

283.4 (14.4) 

0.89 (0.05) 

SN 2006X 

-9.2 

29.84 (0.05) 

242.2 (2.1) 

18.57 (0.10) 

252.8 (12.7) 

0.96 (0.05) 

SN 2006X 

-8.2 

28.29 (0.05) 

232.5 (2.1) 

17.54 (0.10) 

225.5 (13.0) 

1.03 (0.06) 

SN 2006X 

-7.2 

26.34 (0.05) 

255.1 (1.5) 

15.99 (0.05) 

170.6 (7.7) 

1.50 (0.07) 

SN 2006X 

-6.2 

20.86 (0.05) 

210.9 (1.0) 

14.57 (0.18) 

16.9 (1.9) 

12.52 (1.43) 

SN 2006X 

-5.2 

20.84 (0.50) 

191.1 (22.6) 

13.72 (0.92) 

31.6 (40.2) 

6.04 (7.72) 

SN 2006X 

-0.2 

19.02 (0.05) 

150.4 (1.6) 

12.28 (0.09) 

131.9 (8.1) 

1.14 (0.07) 

SN 2006X 

0.8 

18.71 (0.05) 

149.6 (1.2) 

11.95 (0.06) 

141.9 (6.0) 

1.05 (0.05) 

SN 2006X 

1.8 

18.65 (0.05) 

147.6 (0.9) 

11.60 (0.06) 

166.6 (5.3) 

0.89 (0.03) 

SN 2006X 

2.8 

18.50 (0.05) 

152.9 (1.3) 

11.17 (0.08) 

179.8 (8.0) 

0.85 (0.04) 

SN 2006X 

3.2 

18.51 (0.05) 

131.2 (0.4) 

11.13 (0.05) 

175.2 (1.9) 

0.75 (0.01) 

SN 2006ax 

-10.1 

20.11 (0.05) 

112.5 (0.9) 

11.31 (0.08) 

79.0 (4.0) 

1.42 (0.07) 

SN 2006bt 

-5.3 

19.42 (0.05) 

62.7 (3.7) 

12.44 (0.45) 

150.3 (18.0) 

0.42 (0.06) 

SN 2006bt 

-4.5 

17.97 (0.05) 

58.4 (3.2) 

12.17 (0.66) 

151.5 (18.6) 

0.39 (0.05) 

SN 2006bt 

2.3 

17.02 (0.05) 

122.8 (4.1) 

9.20 (0.19) 

141.4 (14.8) 

0.87 (0.10) 

SN 2006bu 

4.2 



13.64 (0.06) 

206.5 (4.2) 

0 

SN 2006bz 

-2.4 



13.23 (0.05) 

352.6 (2.2) 

0 

SN 2006cm 

-1.2 



11.08 (0.05) 

41.1 (0.6) 

0 
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Table A4 — Continued 


SN Name 

Phase (d) a 

HVF v (10 3 km s" 1 ) 

HVF pEW (A) 

PVF v (10 3 km s x ) 

PVF pEW (A) 

ob 

^CalRS 

SN 2006cp 

-5.3 

21.07 (0.05) 

123.4 (2.4) 

12.47 (0.25) 

151.0 (15.7) 

0.82 (0.09) 

SN 2006cq 

2.0 

19.33 (0.11) 

77.6 (7.2) 

11.36 (2.39) 

168.8 (115.7) 

0.46 (0.32) 

SN 2006cs 

2.3 



12.06 (0.05) 

232.2 (2.2) 

0 

SN 2006cz 

1.1 

18.38 (0.71) 

52.5 (19.4) 

10.46 (1.59) 

54.3 (73.3) 

0.97 (1.35) 

SN 2006dm 

-7.9 

22.01 (0.14) 

58.6 (5.7) 

12.86 (1.28) 

185.2 (64.9) 

0.32 (0.12) 

SN 2006ef 

3.2 



11.24 (0.05) 

180.8 (0.4) 

0 

SN 2006gr 

-8.7 

23.53 (0.05) 

150.1 (1.1) 




SN 2006ej 

-3.7 

18.96 (0.05) 

28.4 (0.7) 

11.84 (0.09) 

110.6 (5.0) 

0.26 (0.01) 

SN 2006em 

4.2 



12.48 (0.05) 

291.4 (0.6) 

0 

SN 2006et 

3.3 

17.46 (0.05) 

90.6 (0.6) 

9.22 (0.05) 

44.2 (2.7) 

2.05 (0.13) 

SN 2006gj 

4.7 



10.78 (0.05) 

265.5 (1.1) 

0 

SN 2006gt 

3.1 



10.97 (0.05) 

270.1 (2.4) 

0 

SN 2006ke 

2.4 



12.16 (0.05) 

175.4 (1.0) 

0 

SN 2006kf 

-9.0 

19.49 (0.13) 

79.7 (2.9) 

11.58 (0.27) 

67.7 (14.3) 

1.18 (0.25) 

SN 2006kf 

-3.1 



11.78 (0.05) 

145.1 (0.5) 

0 

SN 20061e 

-8.7 

25.46 (0.05) 

140.2 (0.6) 

14.52 (0.09) 

37.0 (2.4) 

3.79 (0.24) 

SN 2006lf 

-6.3 

18.47 (0.05) 

59.1 (0.2) 

10.77 (0.05) 

67.5 (0.5) 

0.87 (0.01) 

SN 2006or 

-2.8 



12.03 (0.05) 

207.0 (0.7) 

0 

SN 2006os 

-0.9 

18.49 (0.10) 

70.2 (3.6) 

10.80 (0.25) 

115.8 (16.5) 

0.61 (0.09) 

SN 2006sr 

-2.3 



12.59 (0.05) 

116.5 (0.6) 

0 

SN 2006sr 

2.7 



11.83 (0.05) 

165.2 (0.6) 

0 

SN 2007A 

2.4 

17.02 (0.05) 

32.9 (0.5) 

8.94 (0.05) 

78.1 (2.8) 

0.42 (0.02) 

SN 2007F 

-9.4 

24.20 (0.05) 

110.2 (0.4) 

11.14 (0.05) 

43.9 (1.4) 

2.51 (0.08) 

SN 2007F 

3.2 

16.19 (0.05) 

36.0 (1.0) 

10.88 (0.05) 

80.0 (4.5) 

0.45 (0.03) 

SN 2007N 

0.4 

19.73 (0.05) 

234.2 (0.4) 

10.93 (0.05) 

172.5 (2.5) 

1.36 (0.02) 

SN 20070 

-0.3 

19.17 (0.05) 

86.9 (0.3) 

9.30 (0.05) 

41.4 (0.7) 

2.10 (0.04) 

SN 2007S 

-6.0 

19.83 (0.05) 

42.7 (0.8) 

10.33 (0.32) 

15.5 (4.4) 

2.75 (0.78) 

SN 2007af 

-9.8 

20.52 (0.05) 

128.3 (0.8) 

11.59 (0.07) 

85.4 (4.3) 

1.50 (0.08) 

SN 2007af 

-1.3 

17.86 (0.05) 

42.7 (0.8) 

10.77 (0.05) 

137.2 (3.4) 

0.31 (0.01) 

SN 2007af 

0.2 



11.43 (0.05) 

164.9 (1.0) 

0 

SN 2007af 

2.8 



10.87 (0.05) 

232.0 (0.1) 

0 

SN 2007af 

3.8 



10.93 (0.05) 

229.2 (0.3) 

0 

SN 2007al 

3.4 



12.05 (0.05) 

291.2 (0.8) 

0 

SN 2007ba 

2.1 



11.77 (0.05) 

324.2 (2.1) 

0 

SN 2007bc 

0.6 



10.96 (0.05) 

158.1 (0.7) 

0 

SN 2007bd 

-5.8 



14.64 (0.06) 

161.3 (2.4) 

0 

SN 2007bm 

-7.8 

19.30 (0.05) 

61.8 (0.3) 

10.29 (0.05) 

70.6 (1.7) 

0.88 (0.02) 

SN 2007bz 

1.7 



12.31 (0.05) 

94.3 (1.3) 

0 

SN 2007ca 

-11.1 

22.86 (0.05) 

110.8 (1.1) 

11.75 (0.35) 

69.2 (12.1) 

1.60 (0.28) 

SN 2007ci 

-6.6 

17.38 (0.14) 

114.4 (3.8) 

11.12 (0.17) 

69.9 (7.8) 

1.64 (0.19) 

SN 2007ci 

-1.7 



12.24 (0.05) 

132.6 (0.9) 

0 

SN 2007co 

-4.1 

20.13 (0.05) 

135.4 (1.0) 

11.32 (0.09) 

109.8 (5.0) 

1.23 (0.06) 

SN 2007co 

-0.6 

18.54 (0.05) 

110.2 (1.6) 

10.37 (0.12) 

108.1 (6.6) 

1.02 (0.06) 

SN 2007co 

0.9 

18.05 (0.05) 

101.0 (1.1) 

10.75 (0.06) 

133.3 (3.9) 

0.76 (0.02) 

SN 2007cq 

-5.8 



12.43 (0.05) 

68.2 (1.0) 

0 

SN 2007fb 

2.0 



11.40 (0.05) 

157.5 (0.6) 

0 

SN 2007fr 

-5.8 



13.08 (0.05) 

203.8 (1.9) 

0 

SN 2007fr 

-1.3 



12.36 (0.05) 

246.0 (2.2) 

0 

SN 2007gi 

-7.3 

20.44 (0.05) 

287.6 (0.2) 




SN 2007gi 

-0.4 

18.46 (0.05) 

146.1 (0.4) 

12.12 (0.05) 

105.1 (1.4) 

1.39 (0.02) 

SN 2007gk 

-1.7 

19.82 (0.05) 

96.7 (1.5) 

12.01 (0.13) 

199.0 (7.2) 

0.49 (0.02) 

SN 2007hj 

-1.2 



12.98 (0.05) 

283.1 (0.4) 

0 

SN 20071e 

-10.3 

28.99 (0.05) 

370.5 (3.2) 

20.31 (0.05) 

146.5 (12.9) 

2.53 (0.22) 

SN 20071e 

-9.4 

27.75 (0.05) 

231.0 (15.0) 

19.77 (0.43) 

121.0 (25.2) 

1.91 (0.42) 

SN 2007sl c 

-1.2 



14.23 (0.05) 

291.5 (1.3) 

0 

SN 2007on 

-3.0 

17.23 (0.05) 

87.9 (1.6) 

10.61 (0.07) 

134.9 (5.7) 

0.65 (0.03) 

SN 2007qe 

-8.2 

29.17 (0.27) 

279.3 (17.1) 

17.32 (0.58) 

107.1 (70.3) 

2.61 (1.72) 

SN 2007qe 

-6.5 

28.33 (0.05) 

154.0 (6.0) 

18.83 (0.35) 

198.4 (25.5) 

0.78 (0.10) 

SN 2007qe 

-2.5 

25.21 (0.63) 

117.0 (16.2) 

14.04 (2.67) 

115.3 (161.9) 

1.01 (1.43) 

SN 2008ar 

-8.9 

23.65 (0.05) 

212.3 (1.9) 

12.17 (0.11) 

34.9 (3.6) 

6.08 (0.63) 

SN 2008ar 

-5.6 

22.20 (0.15) 

146.5 (9.6) 

11.35 (0.69) 

32.7 (18.7) 

4.48 (2.57) 

SN 2008ar 

1.5 

17.98 (0.23) 

70.0 (6.2) 

9.68 (0.56) 

70.5 (25.5) 

0.99 (0.37) 

SN 2008ar 

2.8 

18.07 (0.11) 

65.9 (3.2) 

8.84 (0.39) 

108.8 (23.8) 

0.61 (0.14) 

SN 2008ar 

4.3 

15.81 (0.18) 

67.7 (6.5) 

8.49 (0.43) 

107.5 (28.7) 

0.63 (0.18) 

SN 2008bt 

-1.1 



12.11 (0.05) 

177.3 (1.9) 

0 
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Table A4 — Continued 


SN Name 

Phase (d) a 

HVF v (10 3 km s" 1 ) 

HVF pEW (A) 

PVF v (10 3 km s x ) 

PVF pEW (A) 

ob 

^CalRS 

SN 2008cl 

4.2 



10.50 (0.10) 

251.2 (9.9) 

0 

SN 2008sl d 

-6.4 

21.61 (0.08) 

19.5 (0.5) 

11.05 (0.34) 

90.2 (12.8) 

0.22 (0.03) 

SN 2008sl d 

-4.4 

22.82 (0.11) 

40.6 (2.4) 

10.51 (8.36) 

176.2 (277.9) 

0.23 (0.36) 

SN 2008sl d 

-3.4 

22.86 (0.09) 

46.1 (1.0) 

11.39 (0.33) 

78.9 (12.8) 

0.58 (0.10) 

SN 2008sl d 

0.5 



11.20 (0.05) 

135.9 (1.6) 

0 

SN 2008sl d 

4.4 



11.00 (0.05) 

191.3 (0.8) 

0 

SN 2008dx 

2.5 



11.45 (0.05) 

275.9 (1.4) 

0 

SN 2008ec 

-9.8 



13.27 (0.06) 

132.4 (3.4) 

0 

SN 2008ec 

-8.9 



12.70 (0.07) 

117.3 (3.4) 

0 

SN 2008ec 

-6.0 



11.99 (0.10) 

95.6 (4.3) 

0 

SN 2008ec 

-0.2 



11.05 (0.05) 

141.0 (0.4) 

0 

SN 2008ec 

1.0 



10.88 (0.08) 

127.1 (6.1) 

0 

SN 2008ei 

3.3 

19.00 (0.05) 

64.8 (4.1) 

13.52 (0.42) 

217.7 (24.4) 

0.30 (0.04) 

SN 2008s5 e 

1.3 

18.61 (0.05) 

57.3 (0.5) 

8.52 (0.05) 

44.0 (2.0) 

1.30 (0.06) 

SN 2008hm 

1.3 

18.90 (0.11) 

78.4 (3.5) 

10.48 (0.30) 

89.1 (15.7) 

0.88 (0.16) 

SN 2008hs 

-8.9 



13.33 (0.08) 

174.0 (5.9) 

0 

SN 2008hs 

-7.9 



13.77 (0.05) 

215.4 (0.8) 

0 

SN 2008hs 

-6.3 



12.79 (0.05) 

182.3 (1.0) 

0 

SN 2008hv 

-11.7 

24.96 (0.52) 

218.1 (35.1) 

16.01 (1.02) 

130.0 (134.1) 

1.68 (1.75) 

SN 2008hv 

-9.2 

25.27 (0.05) 

78.1 (3.3) 

13.79 (0.89) 

97.4 (23.2) 

0.80 (0.19) 

SN 2008hv 

-6.6 

22.48 (0.15) 

73.1 (5.3) 

11.20 (0.57) 

22.6 (13.7) 

3.23 (1.97) 

SN 2009F 

-3.0 



11.84 (0.09) 

181.7 (8.0) 

0 

SN 2009ad 

-3.4 

19.87 (0.07) 

22.2 (0.7) 

9.12 (0.14) 

38.7 (3.9) 

0.57 (0.06) 

SN 2009an 

-5.8 

22.83 (0.05) 

123.3 (0.9) 

12.19 (0.17) 

98.9 (9.3) 

1.25 (0.12) 

SN 2009an 

-3.8 

20.83 (0.05) 

83.0 (0.8) 

11.49 (0.11) 

103.3 (5.9) 

0.80 (0.05) 

SN 2009an 

-2.9 

19.39 (0.06) 

75.8 (1.6) 

11.33 (0.14) 

112.7 (8.3) 

0.67 (0.05) 

SN 2009ig 

-14.4 

35.15 (0.05) 

138.7 (2.7) 

25.52 (0.30) 

287.0 (19.5) 

0.48 (0.03) 

SN 2009ig 

-13.9 

32.82 (0.11) 

157.5 (19.1) 

24.63 (0.23) 

198.1 (43.6) 

0.79 (0.20) 

SN 2009ig 

-12.4 

30.87 (0.10) 

219.6 (16.9) 

23.16 (0.52) 

109.6 (26.7) 

2.00 (0.51) 

SN 2009ig 

-11.4 

29.13 (0.05) 

213.5 (4.2) 

18.32 (0.31) 

66.1 (8.2) 

3.23 (0.41) 

SN 2009ig 

-10.9 

27.50 (0.05) 

152.4 (1.9) 

15.82 (0.13) 

7.7 (3.0) 

19.78 (7.57) 

SN 2009ig 

-9.4 

26.35 (0.05) 

130.7 (0.3) 

13.63 (0.05) 

33.2 (1.3) 

3.94 (0.15) 

SN 2009ig 

-8.4 

25.65 (0.05) 

112.1 (0.8) 

14.73 (0.05) 

10.2 (0.9) 

11.04 (0.99) 

SN 2009ig 

-6.9 

24.05 (0.05) 

69.4 (0.5) 

13.46 (0.08) 

33.5 (2.0) 

2.07 (0.12) 

SN 2009ig 

-6.0 

23.18 (0.05) 

36.3 (0.2) 

12.92 (0.08) 

39.8 (2.0) 

0.91 (0.05) 

SN 2009ig 

-4.0 

21.99 (0.05) 

22.6 (0.4) 

12.72 (0.09) 

52.6 (3.4) 

0.43 (0.03) 

SN 2009ig 

-3.0 

21.94 (0.05) 

19.6 (0.5) 

12.91 (0.09) 

70.2 (5.1) 

0.28 (0.02) 

SN 2009ig 

-2.0 

21.65 (0.11) 

19.5 (0.9) 

13.52 (0.14) 

78.2 (9.1) 

0.25 (0.03) 

SN 2009ig 

-1.0 

20.97 (0.05) 

21.5 (0.5) 

13.39 (0.07) 

88.5 (4.5) 

0.24 (0.01) 

SN 2009ig 

3.4 



13.63 (0.05) 

124.1 (0.9) 

0 

SN 2009ig 

4.3 



13.66 (0.05) 

135.2 (0.7) 

0 

SN 2009no 

2.1 



9.10 (0.05) 

97.9 (1.1) 

0 

SN 2009nq 

-3.1 

18.26 (0.05) 

65.3 (0.6) 

9.60 (0.05) 

63.1 (1.8) 

1.03 (0.03) 

SN 2010Y 

-7.2 

18.03 (0.23) 

65.3 (3.7) 

10.54 (0.31) 

99.3 (16.5) 

0.66 (0.12) 

SN 2010Y 

-3.2 



11.06 (0.05) 

155.2 (0.6) 

0 

PTF lObjs 

-9.8 

25.34 (0.08) 

63.2 (2.1) 

14.74 (0.66) 

16.8 (9.5) 

3.77 (2.14) 

PTF lObjs 

-8.6 

25.01 (0.07) 

70.1 (2.2) 

15.25 (0.47) 

13.2 (6.7) 

5.33 (2.70) 

PTF lObjs 

-7.4 

24.85 (0.06) 

72.0 (1.9) 

14.63 (0.28) 

18.6 (5.2) 

3.86 (1.09) 

PTF lObjs 

-6.6 

25.07 (0.06) 

60.6 (1.2) 

15.12 (0.32) 

21.3 (5.5) 

2.84 (0.73) 

PTF lObjs 

-5.5 

23.82 (0.06) 

49.7 (1.3) 

13.00 (0.27) 

31.8 (6.3) 

1.56 (0.31) 

PTF lObjs 

-1.8 

22.20 (0.07) 

24.9 (0.7) 

12.92 (0.14) 

33.6 (3.2) 

0.74 (0.07) 

PTF lObjs 

0.2 

20.84 (0.09) 

20.9 (1.4) 

12.08 (0.23) 

42.3 (5.8) 

0.49 (0.07) 

SN 2010ai 

-10.5 



14.72 (0.05) 

176.4 (3.0) 

0 

SN 2010ai 

-8.6 



13.62 (0.05) 

150.8 (0.8) 

0 

SN 2010ai 

-3.7 



12.61 (0.05) 

101.9 (0.6) 

0 

SN 2010ai 

-0.8 



11.60 (0.05) 

150.8 (0.9) 

0 

PTF lOfps 

0.0 

17.27 (0.10) 

60.1 (3.1) 

9.10 (0.23) 

121.4 (13.3) 

0.49 (0.06) 

PTF lOfps 

0.9 

17.67 (0.15) 

45.5 (4.5) 

9.68 (0.45) 

126.9 (25.3) 

0.36 (0.08) 

PTF lOfps 

3.9 



10.51 (0.05) 

189.2 (1.4) 

0 

SN 2010dm 

-6.5 

20.90 (0.05) 

46.1 (1.5) 

9.86 (0.33) 

21.7 (5.4) 

2.13 (0.53) 

PTF lOicb 

-9.8 

19.72 (0.05) 

61.3 (0.6) 

10.47 (0.11) 

47.1 (3.6) 

1.30 (0.10) 

SN 2010ex 

1.1 

18.53 (0.07) 

39.4 (0.9) 

10.29 (0.09) 

77.6 (5.9) 

0.51 (0.04) 

PTF lOqjl 

-3.0 

20.95 (0.08) 

42.7 (1.2) 

10.66 (0.11) 

33.9 (4.3) 

1.26 (0.16) 

SN 2010ii 

-6.1 



14.91 (0.05) 

130.8 (1.1) 

0 
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Table A4 — Continued 


SN Name 

Phase (d) a 

HVF v (10 3 km s" 1 ) 

HVF pEW (A) 

PVF v (10 3 km s x ) 

PVF pEW (A) 

ob 

^CalRS 

SN 2010ii 

-0.5 



11.28 (0.05) 

80.9 (1.0) 

0 

SN 2010it 

-9.5 

25.86 (0.05) 

161.4 (0.6) 

13.75 (0.17) 

73.7 (6.1) 

2.19 (0.18) 

SN 2010it 

-8.5 

24.61 (0.05) 

98.9 (0.5) 

13.22 (0.11) 

56.3 (3.6) 

1.76 (0.11) 

SN 2010it 

-6.6 

22.27 (0.05) 

58.8 (0.8) 

12.63 (0.28) 

75.1 (10.4) 

0.78 (0.11) 

SN 2010it 

-2.6 



12.57 (0.05) 

73.0 (1.5) 

0 

SN 2010it 

-0.6 



11.93 (0.05) 

106.9 (0.6) 

0 

SN 2010it 

3.3 



11.15 (0.05) 

101.4 (0.7) 

0 

PTF lOygu 

-3.7 

21.21 (0.07) 

90.4 (2.0) 

13.72 (0.19) 

47.9 (9.3) 

1.89 (0.37) 

SN 2010iw 

-4.9 

20.80 (0.05) 

50.7 (0.5) 

10.39 (0.16) 

39.5 (3.8) 

1.28 (0.12) 

SN 2010iw 

-3.0 

20.13 (0.05) 

37.6 (0.6) 

8.99 (0.19) 

17.9 (2.6) 

2.10 (0.30) 

SN 2010iw 

-0.1 

20.31 (0.05) 

32.7 (0.6) 

9.41 (0.14) 

34.5 (4.4) 

0.95 (0.12) 

SN 2010iw 

3.9 

19.98 (0.05) 

26.6 (0.5) 

9.65 (0.05) 

45.7 (2.9) 

0.58 (0.04) 

SN 2010kg 

-9.9 

37.20 (0.05) 

130.5 (8.1) 

24.64 (1.66) 

358.3 (0.1) 

0.36 (0.08) 

SN 2010kg 

-9.0 

32.95 (0.07) 

221.3 (4.5) 

21.41 (0.22) 

187.3 (23.0) 

1.18 (0.15) 

SN 2010kg 

-8.0 

29.20 (0.06) 

288.8 (2.9) 

17.54 (0.06) 

102.5 (10.5) 

2.82 (0.29) 

SN 2010kg 

-6.0 

26.17 (0.28) 

109.9 (18.8) 

17.45 (0.83) 

150.6 (69.0) 

0.73 (0.36) 

SN 2010kg 

-5.0 

21.89 (0.13) 

112.1 (5.3) 

14.14 (0.28) 

94.4 (23.2) 

1.19 (0.30) 

SN 2010kg 

-4.1 

19.77 (0.05) 

130.9 (1.0) 

11.68 (0.06) 

60.6 (3.3) 

2.16 (0.12) 

SN 2010kg 

-3.1 

19.94 (0.05) 

101.3 (0.8) 

12.40 (0.06) 

97.0 (3.8) 

1.04 (0.04) 

SN 2010kg 

-1.1 

17.98 (0.05) 

124.6 (0.5) 

10.83 (0.05) 

82.1 (2.4) 

1.52 (0.05) 

SN 2010kg 

-0.1 

18.03 (0.05) 

120.6 (0.9) 

10.55 (0.06) 

99.0 (4.0) 

1.22 (0.05) 

SN 2010kg 

0.9 

17.61 (0.05) 

102.9 (2.1) 

10.84 (0.24) 

121.3 (13.2) 

0.85 (0.09) 

SN 2010kg 

2.8 

16.90 (0.05) 

123.8 (1.2) 

9.91 (0.08) 

106.3 (5.4) 

1.16 (0.06) 

SN 2010kg 

4.8 

16.90 (0.05) 

127.8 (1.3) 

9.00 (0.08) 

130.0 (5.2) 

0.98 (0.04) 

SN 201 lao 

-7.5 

20.89 (0.05) 

113.1 (0.5) 

10.96 (0.05) 

44.3 (1.6) 

2.55 (0.09) 

SN 201 lao 

-6.7 

21.49 (0.05) 

80.4 (1.9) 

12.88 (0.24) 

59.3 (8.1) 

1.36 (0.19) 

SN 201 lao 

-5.8 

21.63 (0.05) 

77.2 (2.0) 

11.43 (0.74) 

76.1 (20.6) 

1.01 (0.28) 

SN 201 lao 

-4.8 

20.62 (0.05) 

80.2 (0.3) 

10.96 (0.07) 

37.6 (1.7) 

2.13 (0.10) 

SN 201 lao 

-1.8 

20.00 (0.05) 

76.2 (0.4) 

10.07 (0.05) 

36.3 (1.4) 

2.10 (0.08) 

SN 201 lao 

-0.8 

19.58 (0.05) 

79.1 (0.5) 

10.59 (0.12) 

44.0 (2.6) 

1.80 (0.11) 

SN 201 lao 

0.2 

19.85 (0.05) 

72.9 (0.5) 

9.95 (0.14) 

42.1 (3.3) 

1.73 (0.14) 

SN 201 lao 

1.2 

19.53 (0.05) 

78.5 (0.6) 

9.74 (0.07) 

43.4 (2.6) 

1.81 (0.11) 

SN 201 lao 

2.2 

18.94 (0.05) 

74.3 (0.5) 

9.55 (0.05) 

47.0 (2.3) 

1.58 (0.08) 

SN 201 lao 

3.2 

18.56 (0.05) 

88.1 (0.6) 

9.23 (0.06) 

54.3 (2.6) 

1.62 (0.08) 

SN 201 lby 

-11.7 

19.65 (0.05) 

94.6 (0.3) 

11.39 (0.05) 

58.4 (1.3) 

1.62 (0.04) 

SN 201 lby 

-9.8 

19.41 (0.05) 

50.1 (0.3) 

10.64 (0.05) 

64.0 (1.9) 

0.78 (0.02) 

SN 201 lby 

-5.7 

19.30 (0.05) 

34.7 (0.2) 

9.55 (0.05) 

50.5 (1.0) 

0.69 (0.01) 

SN 201 lby 

-3.8 

20.08 (0.05) 

26.1 (0.1) 

10.02 (0.05) 

70.3 (1.1) 

0.37 (0.01) 

SN 201 lby 

0.2 

17.74 (0.05) 

27.2 (0.3) 

10.15 (0.05) 

83.0 (2.5) 

0.33 (0.01) 

SN 201 lby 

0.3 

17.28 (0.05) 

29.9 (0.6) 

10.31 (0.05) 

99.2 (3.8) 

0.30 (0.01) 

SN 201 lby 

2.3 

17.45 (0.05) 

30.5 (0.9) 

10.02 (0.07) 

116.6 (6.6) 

0.26 (0.02) 

SN 201 lby 

4.2 

17.26 (0.05) 

36.3 (0.3) 

10.17 (0.05) 

133.4 (2.5) 

0.27 (0.01) 

SN 2011dm 

-5.5 

22.09 (0.05) 

90.3 (0.2) 

13.00 (0.05) 

88.2 (1.0) 

1.02 (0.01) 

SN 201 lek 

-6.0 



14.54 (0.05) 

218.1 (0.3) 

0 

SN 201 lek 

-5.0 



14.13 (0.05) 

218.8 (0.3) 

0 

SN 201 lek 

3.0 



11.96 (0.05) 

272.9 (0.6) 

0 

SN 201 lfe 

-17.0 

28.26 (0.35) 

197.5 (36.5) 

15.92 (2.17) 

327.3 (0.1) 

0.60 (0.36) 

SN 201 lfe 

-16.0 

26.90 (0.05) 

176.5 (2.2) 

16.70 (0.15) 

181.1 (14.7) 

0.97 (0.08) 

SN 201 lfe 

-15.0 

24.35 (0.05) 

122.5 (1.3) 

14.93 (0.20) 

225.6 (11.8) 

0.54 (0.03) 

SN 201 lfe 

-13.0 

21.39 (0.05) 

169.4 (0.7) 

12.51 (0.05) 

149.4 (4.7) 

1.13 (0.04) 

SN 201 lfe 

-12.0 

20.97 (0.05) 

107.4 (0.2) 

12.23 (0.05) 

193.1 (1.7) 

0.56 (0.01) 

SN 201 lfe 

-11.0 

19.22 (0.05) 

110.4 (0.5) 

10.66 (0.06) 

98.7 (3.3) 

1.12 (0.04) 

SN 201 lfe 

-10.0 

19.48 (0.05) 

77.0 (0.2) 

10.35 (0.05) 

96.5 (2.0) 

0.80 (0.02) 

SN 201 lfe 

-10.0 

19.22 (0.05) 

89.0 (0.1) 

10.71 (0.05) 

93.0 (0.4) 

0.96 (0.01) 

SN 201 lfe 

-9.0 

19.16 (0.05) 

57.2 (0.3) 

10.46 (0.05) 

76.7 (2.3) 

0.75 (0.02) 

SN 201 lfe 

-9.0 

19.94 (0.05) 

58.5 (0.2) 

10.20 (0.05) 

128.4 (2.0) 

0.46 (0.01) 

SN 201 lfe 

-7.0 

20.24 (0.05) 

40.8 (0.3) 

10.91 (0.05) 

63.3 (1.4) 

0.64 (0.02) 

SN 201 lfe 

-2.0 

19.27 (0.05) 

27.2 (0.1) 

9.86 (0.05) 

135.4 (1.4) 

0.20 (0.01) 

SN 201 lfe 

-1.0 

18.73 (0.05) 

28.6 (0.1) 

9.76 (0.05) 

137.2 (1.2) 

0.21 (0.01) 

SN 201 lfe 

2.0 

16.33 (0.05) 

38.1 (0.2) 

9.55 (0.05) 

141.3 (1.0) 

0.27 (0.01) 

SN 201 lfe 

3.0 

15.98 (0.05) 

41.7 (0.2) 

9.54 (0.05) 

148.6 (1.0) 

0.28 (0.01) 

SN 201 lgy 

-1.1 



12.01 (0.05) 

103.0 (0.5) 

0 

SN 2011hb 

-5.8 

22.86 (0.05) 

83.7 (2.6) 

12.14 (0.85) 

75.0 (17.2) 

1.12 (0.26) 

SN 2011hb 

-2.9 

21.47 (0.05) 

70.5 (0.4) 

10.50 (0.08) 

31.6 (2.1) 

2.23 (0.15) 

SN 2011hb 

3.0 

19.51 (0.05) 

74.9 (1.7) 

9.64 (0.17) 

67.3 (7.2) 

1.11 (0.12) 
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Table A4 — Continued 


SN Name 

Phase (d) a HVF v 

(10 3 km s 3 ) 

HVF pEW (A) 

PVF v (10 3 km s x ) 

PVF pEW (A) 

ob 

^CalRS 

SN 2011ia 

-3.0 



9.99 (0.05) 

65.5 (1.0) 

0 

SN 20121 

-1.0 



11.87 (0.05) 

152.4 (0.6) 

0 

SN 2012bh 

0.0 

19.71 (0.05) 

25.6 (0.5) 

9.46 (0.10) 

68.9 (6.2) 

0.37 (0.03) 

SN 2012cg 

-12.8 

24.21 (0.05) 

86.6 (2.4) 

16.42 (0.19) 

101.3 (9.0) 

0.85 (0.08) 

SN 2012cg 

-11.8 

22.30 (0.05) 

140.1 (0.7) 

13.67 (0.06) 

76.6 (3.3) 

1.83 (0.08) 

SN 2012cg 

-10.5 

21.32 (0.05) 

122.7 (0.9) 

11.88 (0.08) 

50.7 (4.2) 

2.42 (0.20) 

SN 2012cg 

-9.6 

21.11 (0.05) 

88.4 (1.2) 

11.88 (0.10) 

42.6 (3.9) 

2.07 (0.19) 

SN 2012cg 

-7.8 

21.43 (0.05) 

55.3 (0.3) 

11.86 (0.05) 

29.7 (1.2) 

1.86 (0.08) 

SN 2012cg 

-3.8 

21.11 (0.05) 

56.7 (0.1) 

10.40 (0.05) 

26.5 (0.4) 

2.14 (0.03) 

SN 2012cg 

-3.8 

21.07 (0.05) 

48.2 (0.4) 

10.56 (0.10) 

33.0 (2.6) 

1.46 (0.12) 

SN 2012cg 

-0.5 

20.28 (0.05) 

39.4 (0.3) 

10.44 (0.05) 

43.2 (1.9) 

0.91 (0.04) 

SN 2012da 

-1.0 

18.56 (0.05) 

75.8 (1.2) 

9.16 (0.14) 

54.6 (5.6) 

1.39 (0.14) 

SN 2012fr 

-14.4 

32.78 (0.05) 

450.1 (2.7) 




SN 2012fr 

-12.4 

30.67 (0.05) 

395.0 (0.4) 




SN 2012fr 

-11.4 

30.17 (0.05) 

330.7 (0.3) 




SN 2012fr 

-9.3 

27.24 (0.05) 

135.8 (0.9) 




SN 2012fr 

-8.4 

26.00 (0.05) 

110.1 (0.3) 




SN 2012fr 

-8.2 

25.80 (0.05) 

97.4 (0.3) 




SN 2012fr 

-7.5 

25.33 (0.05) 

95.9 (0.3) 




SN 2012fr 

-6.7 

25.17 (0.05) 

96.1 (1.3) 

12.72 (0.23) 

5.9 (2.1) 

16.37 (5.76) 

SN 2012fr 

-6.4 

24.80 (0.05) 

98.2 (1.1) 

11.84 (0.17) 

26.7 (3.1) 

3.67 (0.43) 

SN 2012fr 

-5.6 

24.46 (0.05) 

100.3 (0.2) 

11.42 (0.05) 

12.8 (0.4) 

7.84 (0.26) 

SN 2012fr 

-4.7 

24.14 (0.05) 

99.4 (0.3) 

11.30 (0.05) 

13.1 (0.7) 

7.60 (0.38) 

SN 2012fr 

-3.7 

23.87 (0.05) 

84.3 (0.4) 

11.26 (0.05) 

35.6 (1.9) 

2.37 (0.13) 

SN 2012fr 

-2.5 

22.96 (0.05) 

90.7 (0.4) 

11.58 (0.05) 

31.9 (1.0) 

2.85 (0.09) 

SN 2012fr 

-2.4 

23.33 (0.05) 

105.7 (1.9) 

11.44 (0.09) 

32.0 (3.2) 

3.30 (0.33) 

SN 2012fr 

-1.4 

22.67 (0.05) 

86.0 (0.2) 

12.15 (0.05) 

39.8 (1.1) 

2.16 (0.06) 

SN 2012fr 

-1.3 

22.32 (0.05) 

80.9 (0.1) 

12.13 (0.05) 

35.6 (0.9) 

2.27 (0.06) 

SN 2012fr 

-0.3 

21.65 (0.05) 

80.8 (0.2) 

12.03 (0.05) 

49.8 (0.7) 

1.62 (0.02) 

SN 2012fr 

0.7 

21.56 (0.05) 

82.0 (0.3) 

12.22 (0.05) 

68.3 (1.3) 

1.20 (0.02) 

SN 2012fr 

1.3 

20.61 (0.05) 

82.6 (0.5) 

11.68 (0.05) 

62.3 (2.9) 

1.33 (0.06) 

SN 2012fr 

1.7 

21.02 (0.05) 

79.7 (0.3) 

12.32 (0.05) 

85.8 (2.0) 

0.93 (0.02) 

SN 2012fr 

2.3 

20.92 (0.05) 

71.2 (0.2) 

11.98 (0.05) 

67.5 (1.2) 

1.05 (0.02) 

SN 2012fr 

3.2 

19.42 (0.05) 

86.6 (0.5) 

11.91 (0.05) 

63.7 (2.1) 

1.36 (0.04) 

SN 2012fr 

4.5 

19.58 (0.05) 

57.9 (0.9) 

11.60 (0.05) 

133.2 (4.3) 

0.43 (0.02) 

SN 2013cs 

-8.9 

21.39 (0.05) 

61.4 (0.8) 

13.69 (0.08) 

99.0 (4.2) 

0.62 (0.03) 

SN 2013cs 

-3.0 

16.47 (0.05) 

32.1 (0.7) 

10.65 (0.39) 

135.4 (8.2) 

0.24 (0.02) 

SN 2013di 

-1.6 

20.42 (0.05) 

104.5 (0.5) 

10.28 (0.06) 

47.0 (2.1) 

2.22 (0.10) 

a Phases are in rest-frame days. 






^^CaiR 3 is the ratio of the pEW of the HVF to the pEW of the PVF, 

as defined by Childress et al. (2014). 


c Also known 

as SNF20071021-000. 






^Also known 

as SNF20080514-002. 






e Also known 

as SNF20080909-030. 















